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Abstract. The purpose of this research is to develop a Class Library in the domain of Scrolling
Shooter games. The built of this Class Library will be used to develop Scrolling Shooter games
asthe result of this research. The development ofa Class Library is done through seven phases,
Domain Analysis, Frozenspot Analysis, Hotspot Analysis, Modelling Class Library,
Implementation Class Library, Unit Testing, and Integration Testing, and those will be the main
discussion of this research. Furthermore, the conclusion of this research is expected to help game
Programmers to develop Scrolling Shooter games, without having to make the whole system
functionalfrom scratch. Thisresearch also gives a contribution to software engineering concepts,

namely: reusable code, abstraction, and class design.

1. Introduction

Based on data obtained from Newzoo (an intelligence market provider company in the global market),
in 2017 the Indonesian gaming industry ranked 16th in the list of gaming markets in the world with
several players reaching 43.7 million with potential income reaching around IDR. 11.9 trillion [1]. One
of the popular game genres in Indonesia in January 2018 is Scrolling Shooter, it is noted that Scrolling
Shooter won the top 10 on the Google Play Store in the January 2018 period, sorted by the Arcade game
category. With this positive trend, game developers will automatically be interested in building a
Scrolling Shooter game going forward.

Based on the results of an interview with one of Programmer which had been developed a Scrolling
Shooter game, explained there is some obstacle during developing a Scrolling Shooter game was that
the Programmer had to recreate the functional system from scratch. This will certainly lead to the
duration ofthe development of the Scrolling Shooter game whichresulted in the game notbeingreleased
following the target time. Especially if you notice that the game industry is always following trends that
require developers to be able to release games at the right time.

Based on these problems, itis necessary to builda Class Library to help programmers build Scrolling
Shooter games. A Class Library is a group of classes that provide the basic functionalities of a domain
and can be used directly by programmers. With the Class Library, programmers can reuse functional
requirements without havingto buildthem from scratch. Therefore, the Class Library that will be created
in this study is expected to provide basic functionalities that are following the needs of programmers in
building Scrolling Shooter games.

2. Method

This research belongs to the type of applied research using a quantitative approach. Applied research
aims to find a solution to deal with the problems of society or business organizations [ 2]. While the
quantitative approach is used because research starts from a hypothesis and is objective. The
methodology used in this study refers to the journal "Development of Class Library in Domain of
Scrolling Shooter Game" by adding the implementation stages as seen in Figure 1.
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Figure 1. Research methodology in this research.

Here are the explanations of each stage:

1.

3.

Domain Analysis

Domain Analysis is performed to determine the characteristics of the Scrolling Shooter game
domain. The characteristics obtained are used to determine the uniqueness of the Scrolling Shooter
game domain with other game domains. As itis known that the characteristics of a domain, can be
obtained fromthe domain knowledge. The domain knowledge can cover various aspects, ranging
from electronic systems, banking to multimedia applications such as games [3]. In this research,
existing game applications will be used as domain knowledge.

. Frozenspot Analysis

Frozenspot Analysis is performed to determine the sliced function of several samples of existing
Scrolling Shooter games. The slice will determine whether the function is mandatory or optional. In
this research, Frozenspot Analysis is divided into two stages, namely Function Identification and
Frozenspot Identification.

. Hotspot Analysis

Hotspot Analysis is performed to identify and define hotspot points of the Scrolling Shooter game
application domain. The hotspot is a collection of functions that are always present in the application
domain and must not be removed, which will later represent functions that will be provided by the
Class Library [4]. In this research, Hotspot Analysis is divided into two stages, namely Hotspot
Identification and Hotspot Definition.

. Modeling Class Library

Modeling Class library is performed to transformthe hotspot into theobject model. The object model
serves to describe the design of objects and classes into diagrammatic form, using object-based
modeling [5]. The results of the modeling can simplify the implementation process into the UML
(Unified Modeling Language). In this research, the Class Library design consists of two stages,
namely Class Design and Package Design.

Implementation Class Library

Implementation Class Library is a stage that is done to transform the object model into a
programming language.

. Unit Testing

Unit Testing stage is carried out to find out that each unit or component of the function in the Class
Library can functionally work as expected [6]. A Unit Testing is done by creating several test cases
of the method for each class of the Class Library which has been implemented.

Integration Testing

Integration Testing is done by directly testing each unitin the Class Library to create a prototype
Scrolling Shooter game. Also, It tested directly by a Game Programmer.

Results and Discussion

All stages in the research methodology are explained specifically in this section.

1. Domain Analysis

Domain Analysis can be done by determining the source of information used to identify the
characteristics of the application domain. There are several sources of information that can be used,
including domain experts, textbooks, domain standards, and previous application samples [7]. There are
four sample Scrolling Shooter game applications from the Google Play Store that will be used to assist
the identification process. A characteristic of the Scrolling Shooter game that used for this research is



players generally play as pilot fighter planes, which are assigned to withstand from any enemy attacks
[8]. The sample application consists of two types of vertical Scrolling Shooter games and two types of
horizontal scrolling shooter games, which are selected based on the highest number of downloads and
the highest rating on the Google Play Store in the January 2018 period. The four sample game

applications will be given symbols to facilitate callingthe application name in the identification process,
which can be seen in Table 1.

Table 1. Four Sample Game Scrolling Shooter

Function Game Symbol

Space Shooter: Galaxy Attack Vertical Gl
Galaxy Attack: Alien Shooter Vertical G2
Scrambler — Classic 80s Arcade Horizontal G3
Game

R-TYPE Horizontal G4

Based on the identificationresults, four aspects become areview ofthe characteristics of the domain,
namely the camera viewpoint, game presentation, character control and the basic mechanism of the
game. Here are the results of identifying the characteristics obtained from the four sample Scrolling
Shooter game applications:

a. Camera Viewpoint

In G1 and G2 games, the camera's perspective is taken from the top to down (top -down view), where
only the top side of the object is seen by the player when playing the game. While in the G3 and G4
games the camera's perspective is taken from the side, where only the side of the object is seen by the
player. Viewpoints of the four games.

b. Game Presentation

The presentation or display style used in the G1 and G2 games is vertical scrolling. Vertical Scrolling is
a display style where the background of the game is seen moving automatically with a vertical
orientation [9]. Meanwhile, in G3 and G4 games the presentationused is horizontal scrolling. Horizontal
Scrolling is a display style where the background in the game moves automatically with a horizontal
orientation.

c. Character Control

The four sample Scrolling Shooter game applications that are played show that the character controlled
by the player can move with an eight-way mechanism (right, left, up, down, top right, bottom right, top
left, and bottom left) on the x and y axes. The character movement controlled by the player is only
limited to the screen area.

Also, there are two different mechanisms when players control character objects, namely control
with a fixed mechanism and control with a relative mechanism. In fixed mechanism control, the screen
position touched by the player has no distance from the character object being controlled. Whereas in
the relative mechanism, there is a distance between the character object being controlled and the position
of the screen being touched.

d. Basic Mechanic

In the four sample games that are played, players must be able to survive the pattem of attacks fired by
the enemy to getthe maximum score. To survivethe enemy attack, playerscan destroy enemies by firing
projectiles or avoiding incoming attacks. Also, there are power-ups that players can use to increase
attack power.

The characteristics of the four sample Scrolling Shooter game applications will be used to identify the
functions contained in the Scrolling Shooter game domain in the Frozenspot Analysis stage.



2. Frozenspot Analysis
Frozenspot analysis is divided into two stages, namely Function Identification and Frozenspot
Identification.

a. Functional Identification
This stage is done to identify the collection or set of functions that exist in the Scrolling Shooter game
domain, based on four previous application samples. The resulting set of functions will be used to
determine the function slices of the Scrolling Shooter game domain. There are nine functions of the
results of identification that are as follows.

1)Character Control

2)Scrolling Background

3)Spawn Object

4)Destroy Object

5)Move Object

6)Shoot Object With Pattern

7)Change Attribute

8)Display Attribute

9)Save Data

Theresults of the functionidentification table showthat there arenine sets of functions in the domain

of the Scrolling Shooter game application that will be used as a reference in determining the function
slices.

b. Frozenspot Identification

This stage is carried out to determine the sliced function of the four previous Scrolling Shooter game
application samples. The set of functions that have been obtained, will be used as a reference in
determining the function slices. Frozenspot Identification results from four sample Scrolling Shooter
game applications based on nine functions that have been obtained can be seen in Table 2.

From the results of the Frozenspot Analysis, it can be seen that there are nine functions contained in
the Scrolling Shooter game application domain. The nine functions are slices of the four sample
Scrolling Shooter game applications G1, G2, G3, and G4. The results of the sliced function will be used
to determine the hotspot that is done in the next stage.

Table 2. Frozenspot Identification Result

Function Game
Character Control Gl, G2, G3, G4
Scrolling Background Gl1, G2, G3, G4
Spawn Object Gl1, G2, G3, G4
Destroy Object Gl1, G2, G3, G4
Move Object Gl1, G2, G3, G4
Shoot Object with Pattern Gl1, G2, G3, G4
Change Attribute Gl1, G2, G3, G4
Display Attribute Gl1, G2, G3, G4
Save Data Gl1, G2, G3, G4

3. Hotspot Analysis
Hotspot analysis is divided into two stages, namely Hotspot Identification and Hotspot Definition.

a. Hotspot Identification

This stage is carried out to identify functions that can be used as hotspots in the Scrolling Shooter game
application domain. The sliced function obtained from the frozen-spot analysis results can determine
whether the function is suitable as a hotspot or not. In this study, Hotspot Identification uses the
Blackbox method where the function used as a hotspot is mandatory. Therefore, the hotspot



identification results show that there are nine mandatory functions used as hotspots, as shown in Table
2.

b. Defining Hotspot

This stage is carried out to define each function obtained from the Hotspot Identification results.
Defining Hotspot is done by describing the behavior that can be performed by the function, using a
hotspot card [10]. Then with the object model transformation rules, the hotspot card will be converted
into object models in the form of class diagrams. The hotspot card from the Player Character Control
function and the object model formed can be seen in Figure 2.

Hotspot Name
Character Control
Degree of Flexibility
adaptation without restart
U adaptation with by end user

General Description

This function is used to move the characterobject

in eight directions, based on the input in the form

of a touch from the player.

Examples of implementation, at least two

different situations

1. Control of character objects using a fixed
mechanism, where the character object will
always move to follow the position of the
screen touched by the player without any
difference in distance between the position of
the character object with the position of the
screen touched.

2. Character object control uses a relative
mechanism, where the character object will
always move to follow the position of the
screen touched by the player with the
possibility of the difference in distance
between the position of the character object
and the position of the screen touched.

Figure 2. Hotspot Card Character Control

Based on the rules of the object model transformation, the hotspot design will be created by adding
the hook method in a separate hook class. The results of the transformation of the object model of the
hotspot Controlling Player Character can be seen in Figure 3.



iflcontrolStyle = ControlStyle.FIXED)

... = playerControllerFixed.ControlPlayer{speed) : void;
else

... = playerControllerRelative. ControlPlayer(speed) : void;

Player

.p.ia\,-erCGntrollerFixed: PlayerController
playerControllerRelative: PlayerController
controlStyle: ControlStyle

. Control{controlStyle: ControlStyle, speed: float)

!

PlayerControlier

ControlPlayer(speed: float) - void

Extends Extends
PlayerControllerFixed PlayerControllerRelative
ControlPlayer{speed: float) : void ControlPlayer(speed: float) : void

Figure 3. Object Transformation Model Hotspot Character Control

4. Modeling Class Library
Modeling class library design consists of two stages, namely class design and package design.

a. Class Modeling

This class diagram will illustrate the relationships between classes of hotspot Controlling Player
Character, where the class contains a method used to move character objects with eight directions of
movement according to player control. The class diagram of the hotspot controlling the player's
character can be seen in Figure 4.

b. Package Modeling
This stage is done to describe the package diagram of the Class Library system that will be built. The

package diagram created functions to find groups ofrelated classes wrapped in one containeror package.
The results of the package design show that nine packages will be built in the Scrolling Shooter class
library, as follows.

a. ScrollingShooter2D.Player

b. ScrollingShooter2D.Spawner

c. ScrollingShooter2D.Shoot

d. ScrollingShooter2D.Display Ul

e. ScrollingShooter2D.Destroyer

f. ScrollingShooter2D.Data

g. ScrollingShooter2D.Background

h. ScrollingShooter2D.Attribute

i. ScrollingShooter2D.Movement



«enumerations
ControlStyle

FIXED
RELATIVE

l

Player

-playerControllerFixed: PlayerControllerFixed
-playerControllerRelative: PlayerControllerRelative

+ControlPlayer(gameObject: GameObject): void
+ControlPlayer(gameObject: GameObject, controlStyle: ControlStyle): void
+ControlPlayer(gameObject: GameObject. controlStyle: ControlStyle, speed: float): void

'

PlayerController

+gameObject: GameObject
#tempGameObject: GameObject
#FtempPosition: Vector 2
#lastPositionX: float
#lastPositionY': float

#isTouch: bool

+ControlPlayer(speed: float): void
#Move(direction: Vector2, speed: float): void

A

PlayerControllerFixed PlayerControllerRelative

+ContralPlayer(speed: float): void +ControlPlayer({speed: float): void

Figure 4. Class Diagram Hotspot Character Control

5. Implementation Class Library

Class Library will be implemented to C# (C Sharp) language. Naming identifier standards such as
properties, classes and methods at the implementation stage will be adjusted to the C# language naming
rules.

6. Unit Testing
Unit Testing is done by creating a test case method foreach class Scrolling Shooter library function.
The case test method is based on the design of the unit test scenario which can be seen in Table 3.

Table 3. Test Case Scenario

Class Test Method Test Status
Player ControlPlayer() Success
Background ScrollBG() Success
Spawner Spawn() Success
Data Save() Success
Load() Success
Destroyer Destroy() Success
DisplayUI Display() Success
Movement Move() Success
Shoot Shoot() Success
Player ControlPlayer() Success

The unit test results show that all methods in the Scrolling Shooter Class Library can function
properly according to their functions.

7. Integration Testing
Integration testing will be tested directly by experienced programmers in building games using Unity.
The prototype game display from the integration test results can be seen in Figure 5.
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Figure 5. Prototype Game Scrolling Shooter

4. Conclusion

Based on all processes in this research, there are several conclusions, namely:

a. Programmers can build Scrolling Shooter games withouthavingto makethe entire system functional
from scratch using the Class Library. It is proven that the Class Library built in this research can
produce a prototype of the Scrolling Shooter game.

b. For further research, the sample of game application is expected to be able to use more than four
application samples to know the characteristics that exist in the game domain more accurately. Also,
it is hoped that the addition of other aspects will be used as a basis for conducting characteristics
reviews. This is because the domain under study is a game application domain which certainly has
its uniqueness when compared to other application domains.
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Abstract. The purpose of this research is to develop a Class Library in the domain of Scrolling
Shooter games. [The built of this Class Library will be used to develop Scrolling Shooter games
asthe result of this research. The development of a Class Library is done through seven phases,
Domain Analysis, Frozenspot Analysis, Hotspot Analysis, Modelling Class Library,
Implementation Class Library, Unit Testing, and Integration Testing, and those will be the main
discussion of this research. Furthermore, the conclusion of this research is expected to help game
Programmers to develop Scrolling Shooter games, without having to make the whole system
functionalfrom scratch. This research also gives a contribution to software engineering concepts,
namely: reusable code, abstraction, and class design)

1. Introduction
Based on data obtained from Newzoo (an intelligence market provider company in the global markef),
in 2017 the Indonesian gaming industry ranked 16th in the list of gaming markets in the world with
several players reaching 43.7 million with potential income reaching around IDR. 11.9 trillion [1]. One
of the popular game genres in Indonesia in January 2018 is Scrolling Shooter, it is noted that Scrolling
Shooter won the top 10 on the Google Play Store in the January 2018 period, sorted by the Arcade game
category. With this positive trend, game developers will automatically be interested in building a
Scrolling Shooter game going forward.

Based on the results of an interview with one of Programmer which had been developed a Scrolling
Shooter game, explained there is some obstacle during developing a Scrolling Shooter game was that
the Programmer had to recreate the functional system from scratch. This will certainly lead to the
duration ofthe development of the Scrolling Shooter game whichresulted in the game notbeingreleased
following the target time. Especially if you notice that the game industry is always following trends that
require developers to be able to release games at the right time. |

Based on these problems, itis necessary to builda Class Library to help programmers build Scrolling i

Shooter games. A Class Library is a group of classes that provide the basic functionalities of a domain
and can be used directly by programmers. With the Class Library, programmers can reuse functional

requirements withouthavingto build them from scratch. Therefore, the Class Library thatwill belcreated ...

in this study is expected to provide basic functionalities that are following the needs of programmers in
building Scrolling Shooter games.|

2. Method

This research belongs to the type of applied research using a quantitative approach. Applied research
aims to find a solution to deal with the problems of society or business organizations [2]. While the
quantitative approach is used because research starts from a hypothesis and is objective. The
methodology used in this study refers to the journal "Development of Class Library in Domain of
Scrolling Shooter Game" by adding the implementation stages as seen in Figure 1.
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Figure 1. Research methodology in this research.

[[—Iere are the explanations of each stage:

1.

3.

Domain Analysis

Domain Analysis is performed to determine the characteristics of the Scrolling Shooter game
domain. The characteristics obtained are used to determine the uniqueness of the Scrolling Shooter
game domain with other game domains. As it is known that the characteristics of a domain, can be
obtained from the domain knowledge. The domain knowledge can cover various aspects, ranging
from electronic systems, banking to multimedia applications such as games [3]. In this research,
existing game applications will be used as domain knowledge.

. Frozenspot Analysis

Frozenspot Analysis is performed to determine the sliced function of several samples of existing
Scrolling Shooter games. The slice will determine whether the function is mandatory or optional. In
this research, Frozenspot Analysis is divided into two stages, namely Function Identification and
Frozenspot Identification.

. Hotspot Analysis

Hotspot Analysis is performed to identify and define hotspot points of the Scrolling Shooter game
application domain. The hotspot is a collection of functions that are always present in the application
domain and must not be removed, which will later represent functions that will be provided by the
Class Library [4]. In this research, Hotspot Analysis is divided into two stages, namely Hotspot
Identification and Hotspot Definition.

. Modeling Class Library

Modeling Class library is performedto transformthe hotspotinto the object model. The object model
serves to describe the design of objects and classes into diagrammatic form, using object-based
modeling [5]. The results of the modeling can simplify the implementation process into the UML
(Unified Modeling Language). In this research, the Class Library design consists of two stages,
namely Class Design and Package Design.

. Implementation Class Library

Implementation Class Library is a stage that is done to transform the object model into a
programming language.

. Unit Testing

Unit Testing stage is carried out to find out that each unit or component of the function in the Class
Library can functionally work as expected [6]. A Unit Testing is done by creating several test cases
of the method for each class of the Class Library which has been implemented.

. Integration Testing

Integration Testing is done by directly testing each unitin the Class Library to create a prototype
Scrolling Shooter game. Also, It tested directly by a Game Programmer.

Results and Discussion

All stages in the research methodology are explained specifically in this section.

1.

Domain Analysis

Domain Analysis can be done by determining the source of information used to identify the
characteristics of the application domain. There are several sources of information that can be used,
including domain experts, textbooks, domain standards, and previous application samples [7]. There are
four sample Scrolling Shooter game applications from the Google Play Store that will be used to assist
the identification process. A characteristic of the Scrolling Shooter game that used for this research is
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players generally play as pilot fighter planes, which are assigned to withstand from any enemy attacks
[8]. The sample application consists of two types of vertical Scrolling Shooter games and two types of
horizontal scrolling shooter games, which are selected based on the highest number of downloads and
the highest rating on the Google Play Store in the January 2018 period. The four sample game
applications will be given symbols to facilitate calling the application name in the identification process,
which can beseenin Table 1.

[Table 1. Four Sample Game Scrolling Shooter

Function Game Symbol

Space Shooter: Galaxy Attack Vertical Gl
Galaxy Attack: Alien Shooter Vertical G2
Scrambler — Classic 80s Arcade Horizontal G3
Game

R-TYPE Horizontal G4

Based on the identificationresults, four aspects become a review of the characteristics of the domain,
namely the camera viewpoint, game presentation, character control and the basic mechanism of the
game. Here are the results of identifying the characteristics obtained from the four sample Scrolling
Shooter game applications:

a. Camera Viewpoint

In G1 and G2 games, the camera's perspective is taken from the top to down (top-down view), where
only the top side of the object is seen by the player when playing the game. While in the G3 and G4
games the camera's perspective is taken from the side, where only the side of the object is seen by the
player. Viewpoints of the four games.

b. Game Presentation

The presentation or display style used in the G1 and G2 games is vertical scrolling. Vertical Scrolling is
a display style where the background of the game is seen moving automatically with a vertical
orientation [9]. Meanwhile, in G3 and G4 games the presentationused is horizontal scrolling. Horizontal
Scrolling is a display style where the background in the game moves automatically with a horizontal
orientation.

c. Character Control

{The four sample Scrolling Shooter game applications that are played show that the character controlled
by the player can move with an eight-way mechanism (right, left, up, down, top right, bottom right, top
left, and bottom left) on the x and y axes. The character movement controlled by the player is only
limited to the screen area.

Also, there are two different mechanisms when players control character objects, namely control
with a fixed mechanism and control with a relative mechanism. In fixed mechanism control, the screen
position touched by the player has no distance from the character object being controlled. Whereas in
the relative mechanism, there is a distance between the character object being controlled and the position
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d. Basic Mechanic

[n the four sample games that are played, players must be able to survive the pattem of attacks fired by
the enemy to getthe maximum score. To survivethe enemy attack, playerscan destroy enemies by firing
projectiles or avoiding incoming attacks. Also, there are power-ups that players can use to increase
attack power.

The characteristics of the four sample Scrolling Shooter game applications will be used to identify the
functions contained in the Scrolling Shooter game domain in the Frozenspot Analysis stage.J
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2. Frozenspot Analysis
Frozenspot analysis is divided into two stages, namely Function Identification and Frozenspot
Identification.

a. Functional Identification
This stage is done to identify the collection or set of functions that exist in the Scrolling Shooter game
domain, based on four previous application samples. The resulting set of functions will be used to
determine the function slices of the Scrolling Shooter game domain. There are nine functions of the
results of identification that are as follows.

1)Character Control

2)Scrolling Background

3)Spawn Object

4)Destroy Object

5)Move Object

6)Shoot Object With Pattern

7)Change Attribute

8)Display Attribute

9)Save Data

Theresults of the functionidentification table showthatthere arenine sets of functions in the domain

of the Scrolling Shooter game application that will be used as a reference in determining the function
slices.

b. Frozenspot Identification
[This stage is carried out to determine the sliced function of the four previous Scrolling Shooter game
application samples. The set of functions that have been obtained, will be used as a reference in
determining the function slices. Frozenspot Identification results from four sample Scrolling Shooter
game applications based on nine functions that have been obtained can be seen in Table 2.

From the results of the Frozenspot Analysis, it can be seen that there are nine functions contained in
the Scrolling Shooter game application domain. The nine functions are slices of the four sample
Scrolling Shooter game applications G1, G2, G3, and G4. The results of the sliced function will be used
to determine the hotspot that is done in the next stage |

Table 2. Frozenspot Identification Result

Function Game
Character Control Gl, G2, G3, G4
Scrolling Background Gl, G2, G3, G4
Spawn Object Gl1, G2, G3, G4
Destroy Object Gl, G2, G3, G4
Move Object Gl, G2, G3, G4
Shoot Object with Pattern Gl, G2, G3, G4
Change Attribute Gl1, G2, G3, G4
Display Attribute Gl, G2, G3, G4
Save Data Gl, G2, G3, G4

3. Hotspot Analysis
Hotspot analysis is divided into two stages, namely Hotspot Identification and Hotspot Definition.

a. Hotspot Identification

This stage is carried out to identify functions that can be used as hotspots in the Scrolling Shooter game
application domain. The sliced function obtained from the frozen-spot analysis results can determine
whether the function is suitable as a hotspot or not. In this study, Hotspot Identification uses the
Blackbox method where the function used as a hotspot is mandatory. Therefore, the hotspot
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identification results show that there are nine mandatory functions used as hotspots, as shown in Table
2.

b. Defining Hotspot

This stage is carried out to define each function obtained from the Hotspot Identification results.
Defining Hotspot is done by describing the behavior that can be performed by the function, using a
hotspot card [10]. Then with the object model transformation rules, the hotspot card will be converted
into object models in the form of class diagrams. The hotspot card from the Player Character Control
function and the object model formed can be seen in Figure 2.

Hotspot Name
Character Control
Degree of Flexibility
adaptation without restart
I adaptation with by end user

General Description

This function is used to move the characterobject

in eight directions, based on the input in the form

ofa touch from the player.

Examples of implementation, at least two

different situations

1. Control of character objects using a fixed
mechanism, where the character object will
always move to follow the position of the
screen touched by the player without any
difference in distance between the position of
the character object with the position of the
screen touched.

2. Character object control uses a relative
mechanism, where the character object will
always move to follow the position of the
screen touched by the player with the
possibility of the difference in distance
between the position of the character object
and the position of the screen touched.

Figure 2. Hotspot Card Character Control

Based on the rules of the object model transformation, the hotspot design will be created by adding
the hook method in a separate hook class. The results of the transformation of the object model of the
hotspot Controlling Player Character can be seen in Figure 3.



iflcontrolStyle = ControlStyle. FIXED)

... = playerControllerFixed.ControlPlayer(speed) : void.
else

... = playerControllerRelative.ControlPlayer(speed) : void,

Player

biayerCunlrullerleed PlayerControlier
playerControllerRelative: PlayerController
controlStyle: ControlStyle

[ Control(controlStyle: ControlStyle, speed: float)

!

PlayerControlier

ControlPlayer(speed: float) : void

Extends Extends
PlayerControllerFixed PlayerControllerRelative
ControlPlayer(speed: float) : void ControlPlayer(speed: float) : void

Figure 3. Object Transformation Model Hotspot Character Control

4. Modeling Class Library
Modeling class library design consists of two stages, namely class design and package design.

a. Class Modeling

This class diagram will illustrate the relationships between classes of hotspot Controlling Player
Character, where the class contains a method used to move character objects with eight directions of
movement according to player control. The class diagram of the hotspot controlling the player's
character can be seen in Figure 4.

b. Package Modeling
This stage is done to describe the package diagram of the Class Library system that will be built. The

package diagramcreated functions to find groups ofrelated classes wrapped in one containeror package.
The results of the package design show that nine packages will be built in the Scrolling Shooter class
library, as follows.

a. ScrollingShooter2D.Player

b. ScrollingShooter2D.Spawner

c. ScrollingShooter2D.Shoot

d. ScrollingShooter2D.DisplayUl

e. ScrollingShooter2D.Destroyer

f. ScrollingShooter2D.Data

g. ScrollingShooter2D.Background

h. ScrollingShooter2D. Attribute

i. ScrollingShooter2D.Movement



«enumerations
ControlStyle

FIXED
RELATIVE

l

Player

-playerControllerFixed: PlayerControllerFixed
-playerControllerRelative: PlayerControllerRelative

+ControlPlayer(gameObject: GameObject): void
+ControlPlayer(gameObject: GameObject, controlStyle: ControlStyle): void
+ControlPlayer(gameObject: GameObject, controlStyle: ControlStyle, speed: float): void

!

PiayerController

#isTouch: bool

+gameObject: GameObject
#tempGameObject: GameObject
FtempPosition: Vector 2
#lastPositionX: float
#lastPositionY: float

+ControlPlayer(speed: float): void
#Move(direction: Vector2, speed: float): void

£

N

PlayerControllerFixed

PlayerControllerRelative

+ContralPlayer(speed: float): void +ControlPlayer(speed: float): void

Figure 4. Class Diagram Hotspot Character Control

5. Implementation Class Library

Class Library will be implemented to C# (C Sharp) language. Naming identifier standards such as
properties, classes and methods at the implementation stage will be adjusted to the C# language naming

rules.

6. Unit Testing

Unit Testing is done by creating a test case method foreach class Scrolling Shooter library function.
The case test method is based on the design of the unit test scenario which can be seen in Table 3.

Table 3. Test Case Scenario

Class Test Method Test Status
Player ControlPlayer() Success
Background ScrollBG() Success
Spawner Spawn() Success
Data Save() Success

Load() Success
Destroyer Destroy() Success
Display UL Display() Success
Movement Move() Success
Shoot Shoot() Success
Player ControlPlayer() Success

The unit test results show that all methods in the Scrolling Shooter Class Library can function

properly according to their functions.

7. Integration Testing

[ntegration testing will be tested directly by experienced programmers in building games using Unity.
The prototype game display from the integration test results can be seen in Figure 5 ]

...~~~ Commented [all]: Add more description before you show
the figure




HighScore : O

Figure 5. Prototype Game Scrolling Shooter

4. Conclusion

[Based on all processes in this research, there are several conclusions, namely:

a. Programmers can build Scrolling Shooter games without havingto makethe entire system functional
from scratch using the Class Library. It is proven that the Class Library built in this research can
produce a prototype of the Scrolling Shooter game.

b. For further research, the sample of game application is expected to be able to use more than four
application samples to know the characteristics that exist in the game domain more accurately. Also,
it is hoped that the addition of other aspects will be used as a basis for conducting characteristics
reviews. This is because the domain under study is a game application domain which certainly has
its uniqueness when compared to other applicationdomains,] {{commented [a12]: Make it into narrative way )
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Abstract

The purpose of this research is to develop a Class Library in the domain of
Scrolling Shooter games. The built of this Class Library will be used to develop
Scrolling Shooter games as the result of this research. In software engineering,
there is a reuse concept that is used to reuse functional systems. One application
of this concept is the class library. With the class library, programmers can
directly call the functions they need without building them from scratch. This
study also used the class library concept for the domain of the shooter scrolling
game case. The development of a Class Library is done through seven phases,
Domain Analysis, Frozenspot Analysis, Hotspot Analysis, Modelling Class
Library, Implementation Class Library, Unit Testing, and Integration Testing,
and those will be the main discussion of this research. Furthermore, this research's
conclusion is expected to help game Programmers develop Scrolling Shooter
games without making the whole system functional from scratch. This research
also contributes to software engineering concepts, namely: reusable code,
abstraction, and class design.

Keywords: Game Scrolling Shooter, Class Library, Domain Analysis,
Frozenspot Analysis, Hotspot Analysis
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1.Introduction

Based on data obtained from Newzoo (an intelligence market provider
company in the global market), in 2017, the Indonesian gaming industry ranked
16th in the list of gaming marketsin the world with several playersreaching 43.7
million with potential income reaching around IDR. 11.9 trillion [1]. One of the
populargame genres in Indonesia in January 2018 is Scrolling Shooter; it is noted
that Scrolling Shooter won the top 10 on the Google Play Store in the January
2018 period, sorted by the Arcade game category. With this positive trend, game
developers will automatically be interested in building a Scrolling Shooter game
going forward.

The interview results with one of the programmers found that the problem in
building a scrolling shooter game was that the programmer had to rebuild the
functionalsystem from scratch[2]. It caused the longdevelopment of the Scrolling
shooter game, resulting in the game not being released according to the target
time[3]. If you pay attention, the game industry always follows trends that require
developers to release games at the right time.

Based on these problems, it is necessary to build a Class Library to help
programmers build Scrolling Shooter games. A Class Library is a group of classes
that provide the basic functionalities and can be used directly by programmers.
With the Class Library, programmers can reuse functional requirements without
having to build them from scratch. Therefore, a class library was created in this
study to provide basic functionalities in accordance with the needs of programmers
in building scrolling shootergames. This class library is anapplication of the reuse
concept in software development.

2. Method

This research belongs to the type of applied research using a quantitative approach.
Applied research aims to find a solution to deal with society or business
organizations [4]. Meanwhile, the quantitative approach is used because research
startsfrom a hypothesisand is objective. The methodology used in this study refers
to the journal "Development of Class Library in Domain of Scrolling Shooter
Game" by adding the implementation stagesasseen in Fig. 1.

Integration
Testing

Domain 5 Frozenspot 5 Hotspot Wodeling Class 5 Implementation

Analysis Analysiz Analysis Library Class Library Unit Testing

Fig. 1. Research methodology in this research.

This research methodology is that domain analysis was conducted to determine
the characteristics of the scrolling shooter game application domain. The
characteristics obtained are used to determine the scrolling shooter game domain’s
unigueness from other game domains. Frozenspot analysis was carried out to
determine the function slices of several samples of scrolling shooter game
applications. Meanwhile, hotspot analysis is conducted to identify and define the
points of flexibility (hotspots) of the scrolling shooter game application domain.
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Class library design is done to model hotspots into a modeling language, namely
UML (Unified Modeling Language). The results of this modeling can simplify the
implementation process into a programming language. Class library
implementation is a step taken to change the class library design model into a
programming language. The unit testing phase is carried outto determine that each
unit or function component in the class library can function asexpected. Integration
testing is done by directly testing each unit in the class library to create a scrolling
shooter game prototype.

3. Results and Discussion
3.1. Domain Analysis

Domain Analysis can be done by determining the source of information used to
identify the characteristics of the application domain. Several sources of
information can be used, including domain experts, textbooks, domain standards,
and previous application samples [5]. There are four sample Scrolling Shooter
game applications from the Google Play Store that will assist the identification
process. A characteristic of the Scrolling Shooter game used for this research is that
players generally play as pilot fighter planes, which are assigned to withstand any
enemy attacks [6]. The sample application consists of two types of vertical
Scrolling Shooter games and two types of horizontal scrolling shooter games
selected based on the highest number of downloads and the highest rating on the
Google Play Store in the January 2018 period. The four sample game applications
will be given symbols to facilitate calling the application name in the identification
process, asshown in Table 1.

Table 1. Four Sample Game Scrolling Shooter.

Function Game Symbol
Space Shooter: Galaxy Attack Vertical Gl
Galaxy Attack: Alien Shooter Vertical G2
Scrambler — Classic 80s Arcade Game Horizontal G3
R-TYPE Horizontal G4

Based on the identification results, four aspects become a review of the
domain's characteristics: the camera viewpoint, game presentation, character
control, and the game's basic mechanism. Here are the results of identifying the
characteristics obtained from the foursample Scrolling Shooter game applications:

a. Camera Viewpoint
In G1 and G2 games, the camera's perspective is taken from the top to down
(top-down view), where only the top side of the object is seen by the player
when playing the game. While in the G3 and G4 games, the camera's perspective
is taken from the side, where the player sees only the object's side. Viewpoints
of the four games.
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4 A. M. Bachtiaretal.

b. Game Presentation
The presentation or display style used in the G1 and G2 games is vertical
scrolling. Vertical Scrolling is a display style where the game's background is
seen moving automatically with a vertical orientation [7]. Meanwhile, in G3 and
G4 games, the presentation used is horizontalscrolling. Horizontal Scrolling is
a display style where the background in the game moves automatically with a
horizontal orientation.

c. CharacterControl

The four sample Scrolling Shooter game applicationsthat are played show that
the player's character can move with an eight-way mechanism (right, left, up,
down, top right, bottom right, top left, and bottom left)onthe x and y axes. The
charactermovement controlled by the player is only limited to the screen area.
There are two different mechanisms for controlling character objects, namely
control with a fixed mechanism and controlwith a relative mechanism. In fixed
mechanism control, the player's screen position has no distance from the
characterobject beingcontrolled. Whereas in the relative mechanism, thereis a
distance between the characterobject being controlled and the screen’s position
being touched.

d. Basic Mechanic

In the four sample games that are played, players must survive the pattern of
attacks fired by the enemy to get the maximum score. To survive the enemy
attack, players can destroy enemies by firing projectiles or avoiding incoming
attacks. Also, there are power-ups thatplayers can use to increase attack power.
The four sample Scrolling Shooter game applications' characteristics will be
used to identify the functionscontained in the Scrolling Shooter game domain
in the Frozenspot Analysis stage.

3.2. Frozenspot Analysis

Frozenspot analysisis divided into two stages, namely Function Identification and
Frozenspot Identification.

a. Functionalldentification

This stage is done to identify the collection or set of functionsin the Scrolling
Shooter game domain, based on four previous application samples. The
resulting set of functionswill be used to determine the Scrolling Shooter game
domain’s function slices. Namely, there are nine functions: Character Control,
Scrolling Background, Spawn Object, Destroy Object, Move Object, Shoot
Object With Pattern, Change Attribute, Display Attribute, and Save Data. The
function identification table results show that there are nine sets of functions in
the Scrolling Shooter game application domain and are used as a reference in
determining the function slices.

b. Frozenspot Identification
This stage is carried out to determine the four previous Scrolling Shooter game
application samples' sliced function. The set of functions that have been
obtained will be used as a reference in determining the function slices.
Frozenspot Identification results from four sample Scrolling Shooter game
applications based on nine functions that have been obtained can be seen in
Table 2. From the Frozenspot Analysis results, it can be seen thatthere are nine
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functionscontained in the Scrolling Shootergame application domain. The nine
functionsare slices of the four sample Scrolling Shootergame applications G1,
G2, G3, and G4. The sliced function results will be used to determine the hotspot
thatis donein the next stage.

Table 2. Frozenspot Identification Result.

Function Game
Character Control Gl, G2, G3, G4
Scrolling Background G1, G2, G3, G4
Spawn Object G1, G2, G3, G4
Destroy Object G1, G2, G3, G4
Move Object G1, G2, G3, G4
Shoot Object with Pattern G1, G2, G3, G4
Change Attribute G1, G2, G3, G4
Display Attribute G1, G2, G3, G4
Save Data Gl1, G2, G3, G4

3.3. Hotspot Analysis

Hotspot analysis is divided into two stages, namely Hotspot Identification and

Hotspot Definition [8].

a. Hotspot Identification

This stage is carried out to identify functionsthatcan be used as hotspotsin the
Scrolling Shooter game application domain. The sliced function obtained from
the frozen-spot analysis results can determine whether the function is suitable
as a hotspot or not. In this study, Hotspot Identification uses the Blackbox
method, where the function used as a hotspot is mandatory. Therefore, the
hotspot identification results show that there are nine mandatory functions used
ashotspots.

. Defining Hotspot

This stage is carried out to define each function obtained from the Hotspot
Identification results. Defining Hotspot is done by describing the behavior
performed by the function, using a hotspot card [9]. With the object model
transformation rules, the hotspot card will be converted into object models in
the form of class diagrams. The hotspot card from the Player Character Control
function and the object model formed can be seen in Fig. 2.

Hotspot Name

Character Control

Degree of Flexibility
adaptation without restart

L1 adaptation with by end user

General Description
This functionis used to move the characterobjectin eight directions, based on
the inputin the form of a touch from the player.
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Examples of implementation, at least two different situations

1. Control of characterobjectsusing a fixed mechanism, where the character
objectwill alwaysmove to follow the position of the screen touched by the
player without any difference in distance between the position of the
characterobject with the position of the screen touched.

2. Characterobject controluses a relative mechanism, where the character
objectwill alwaysmove to follow the position of the screen touched by the
player with the possibility of the difference in distance between the
position of the characterobject and the position of the screen touched.

Fig. 2. Hotspot Card Character Control.

Based on the object model transformation rules, the hotspot design will be
created by adding the hook method in a separate hook class. The transformation of
the object model of the hotspot Controlling Player Charactercan be seen in Fig. 3.

if{controlStyle = ControlStyle FIXED)

... = playerControllerFixed. ControlPlayer(speed) : void;
else

... = playerControllerRelative. ControlPlayer(speed) : void.

Player

iﬁia}-erControllerFixed: PlayerController
playerControllerRelative: PlayerControlier
controlStyle: ControlStyle

[ Control{controlStyle: ControlStyle, speed. float)

T

PlayerControffer

ControlPlayer(speed: floal) - void

Extends Extends
PlayerControllerFixed PlayerControllerRelative
ControlPlayer(zpeed: float) : void ControlPlayer(speed: float) : void

Fig. 3. Object transformation model hotspot character control.

3.4. Modeling Class Library

Modeling class library design consists of two stages, namely class design and
package design.

a. Class Modeling
This class diagram will illustrate the relationships between classes of hotspot
Controlling Player Character, where the class containsa method used to move
characterobjects with eight directions of movementaccordingto player control
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[10]. The class diagram of the hotspot controlling the player's charactercan be
seen in Fig. 4.

b. Package Modeling
This stage is done to describe the package diagram of the Class Library system
that will be built. The package diagram created functions to find groups of
related classes wrapped in one containerorpackage. The package design results
show that nine packages will be built in the Scrolling Shooter class library, as
follows.

e ScrollingShooter2D.Player

e ScrollingShooter2D.Spawner

e ScrollingShooter2D.Shoot

e ScrollingShooter2D.DisplayUl
e ScrollingShooter2D.Destroyer
e ScrollingShooter2D.Data

e ScrollingShooter2D.Backgroun

ScrollingShooter2D.Attribute
e ScrollingShooter2D.Movement

«enumerations»
ControlStyle

FIXED
RELATIVE

l

Player

-playerControllerFixed: PlayerControllerFixed
-playerControllerRelative: PlayerControllerRelative

+ContralPlayer(gameObject: GameObject): void
+ControlPlayer(gameObject: GameObject, controlStyle: ControlStyle): void
+ControlPlayer(gameObject: GameObject, controlStyle: ControlStyle, speed: float): void

'

PlayerController

+game0bject: GameObject
#tempGameObject: GameObject
#tempPosition: Vector 2
#lastPositionX: float
#lastPositionY: float

#isTouch: bool

+ControlPlayer(speed: float): void
#Move(direction: Vector2, speed: float): void

A

PlayerControllerFixed PlayerControllerRelative

+ControlPlayer(speed: float): void +ControlPlayer(speed: float): void

Fig. 4. Class diagram hotspot character control.
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3.5. Implementation Class Library

Class Library will be implemented to C# (C Sharp) language [11]. Naming
identifier standardssuch as properties, classes, and methodsat the implementation
stage will be adjusted to the C# language naming rules [12].

3.6. Unit Testing

Unit Testing is done by creatinga test case method foreach class Scrolling Shooter
library function [13]. The case test method is based on the unit test scenario's
design, which can be seen in Table 3.

Table 3. Test Case Scenario

Class Test Method Test Status

Player ControlPlayer() Success
Background ScrollBG() Success
Spawner Spawn() Success
Data Save() Success

Load() Success
Destroyer Destroy() Success
DisplayUl Display() Success
Movement Move() Success
Shoot Shoot() Success
Player ControlPlayer() Success

The unit test results show thatall Scrolling Shooter Class Library methodscan
function properly according to their functions.

3.7. Integration Testing

After unit testing is complete, the next testing stage is integration testing [14, 15].
Integration testing is done by directly testing each unit in the class library to create
a scrolling shooter game prototype. In this study, integration testing was tested
directly by experienced programmers in building games using Unity [16]. The
display of the game prototype from the results of integration testing can be seen in
Fig. 5.

Journal of Engineering Science and Technology Month Year, Vol. XX(Y)



DevelopmentofClass Libraryin Domain of Scrolling Shooter Game 9

HighScore :

Fig. 5. Prototype Game Scrolling Shooter.

4. Conclusion

Based on the results of integration testing, it is concluded that programmers can
build scrolling shooter gameswithout havingto make the entire system functional
from scratch using the class library. It is proven that the class library built in this
study can produce a scrolling shooter game prototype consisting of a vertical
scrolling shooter game and a horizontal scrolling shooter game. It is because the
class library that hasbeen built has provided basic functionsthat can be reused by
programmersto build scrolling shooter games.
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