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Introduction

What is a Game Engine?
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Game-making Flexibility

A tool to facilitate video game Reusable and extendable
development subsystems

GIF from Unreal Engine 4.27 release notes.
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https://docs.unrealengine.com/4.27/en-US/WhatsNew/Builds/ReleaseNotes/4_27/

Introduction

What Can They Do?

Life is Strange (2015) Fortnite Battle ‘Royale (2023)

Tetris‘Effect (2018)

Gears of War 5 (2019)

Games made with different versions of Unreal Engine.



Introduction

What Game Engines Are Currently Used?
Qunlty

Amazon
Lumberyard/
Open 3D I
CryEnglne
15*
Our Own

UNREAL

ENGINE

Adapted from 2022 Game Development Trends & Forecast by Perforce.



https://mma.prnewswire.com/media/1880817/Game_Development_Trends.pdf

What Are The Problems?

= GAMERANT - - {DT&KU" e

Home > Gaming News

Former Dragon Age
Producer Reflects On The Human Toll Of

BioWare's Problems Fallout 76’s Disastrous
Launch

Former Executive Producer Mark Darrah
releases a video that offers insight into what
went wrong at BioWare during and after Dragon
Age: Inquisition.

Former ZeniMax developers claim that Fallout
76 was severely mismanaged

CHRISTIAN MILLER  PUBLISHED NOV 10, 2022 Xbox
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Introduction

Problem 1: Changes Are Time-Consuming

= GAMERANT “I[Dragon Age’s executive producer] went on to say

e 2 e e that developing the tools for Frostbite took up
Former Dragon Age

Producer Reflects On
Bioware's Problems

about a third of the project's development time”

F = tive Prod Mark D h . . .
e e By Christian Miller for GameRant, 2022.

releases a video that offers insight into what
went wrong at BioWare during and after Dragon
Age: Inquisition.

CHRISTIAN MILLER  PUBLISHED NOV 10, 2022



https://gamerant.com/dragon-age-mark-darrah-bioware-problems/

Introduction

Problem 2: Changes Cause Bugs

= JRO7ary’ o

The Human Toll Of
Fallout 76’s Disastrous
Launch

Former ZeniMax developers claim that Fallout
76 was severely mismanaged

Xbox

“According to one source who worked on the
game, Fallout 76’s tools were so poorly optimized
that simply updating the build could break it, which
could add even more production pressure on the

developers.”

By Sisi Jiang for Kotaku, 2023.



https://www.amazon.com/Fallout-76-PlayStation-4/dp/B07DD9571S?asc_campaign=kinjakotakulink-20&asc_refurl=https://kotaku.com/bethesda-zenimax-fallout-76-crunch-development-1849033233&asc_source=c854badc1484d24f95cc4ddc6dc5d2e191ef7490&tag=kinjakotakulink-20
https://kotaku.com/bethesda-zenimax-fallout-76-crunch-development-1849033233
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Problem 3: Game Engines Are Complex Systems

Z-DIGITAL
ACM@LIBRARY

ISEC v

SHORT-PAPER Y ing f

What's Inside Unreal Engine? - A
Curious Gaze!

Authors: Vartika Agrahari,

Sridhar Chimalakonda Authors Info & Claims

ISEC 2021: 14th Innovations in Software Engineering
Conference (formerly known as India Software
Engineering Conference) » February 2021 e Article
No.: 21 e Pages 1-5

e https://doi.org/10.1145/3452383.3452404

“Unreal Engine is a complex software project

consisting of 203 releases with around 215,000

”

commits. (...)

V. Agrahari and S. Chimalakonda. “What’s Inside Unreal Engine? - A
Curious Gaze!”. In 14th Innovations in Software Engineering
Conference, 2021.
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Introduction

Problem 3: Game Engines Are Complex Systems

Z-DIGITAL
ACM@LIBRARY

ISEC v

SHORT-PAPER Y ing f

What's Inside Unreal Engine? - A
Curious Gaze!

Authors: Vartika Agrahari,

Sridhar Chimalakonda Authors Info & Claims

ISEC 2021: 14th Innovations in Software Engineering
Conference (formerly known as India Software
Engineering Conference) » February 2021 e Article
No.: 21 e Pages 1-5

e https://doi.org/10.1145/3452383.3452404

“A prerequisite for integration and extension is the
comprehension of the software. To understand the
architecture, we should identify the architectural
patterns involved and how they are coupled.”

V. Agrahari and S. Chimalakonda. “What’s Inside Unreal Engine? - A

Curious Gaze!”. In 14th Innovations in Software Engineering
Conference, 2021.
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Introduction

Thesis Statement

SyDRA
Subsystem Dependency Recovery Approach

Proposal Implementation Evaluation

Present a 6-step Apply to 10 Via literature
architecture open-source comparison
recovery approach game engines and user study
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Research Questions

R

<>

of o

RQ1 RQ2
Which subsystems are more Do game engines share
often coupled with one subsystem coupling

another? patterns?

13




Introduction

Research Evaluation

Qualitative User Study
To what extent do the game Does SyDRA help developers
engines that we analysed with understand and maintain the
SyDRA match the software architecture of game engines?

architecture literature?

14




2. Background




Background

Software Architecture

“Software architecture is the
highest-level breakdown of a system into its parts.”

Software System

Subsystem A p—— Subsystem B

M. Fowler. “Patterns of enterprise application architecture”, 2003.
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Background

Software Architecture Recovery

“The extraction of architectural descriptions
from a system implementation”

-] godot  pusiic Q Ssponsor ® Watch 1.5k
! godo 068, (oot FEs!
S iy
B i S o) (s N
/
7

See9831 20 hoursago  {® 58,798 commits

github Use colored out

Merge pull requ
doc Merge pull requ
drivers Merge pull request #8428

editor Merge pull request #8404 from |

mai Merge pull requ

mis last week
modules days ago
platform 20 hours ago

I. Bowman et al. “Linux as a case study: its extracted software architecture”. In Proceedings of the 21st International

Conference on Software Engineering (ICSE), 1999. p




Background

Software Architecture Recovery - Inputs

7 ‘HE
— s /@g
Source Textual Dynamic
Code Information Information
{5 =l
Physical Human Historical

Organization Expertise Data

18




Background

Software Architecture Recovery - Metamodels

“A metamodel describes the possible structures which can
be expressed in a programming language”

contains

F

contains

includes

0.>

>

P

H. Vangheluwe et al. “Meta-Models are models too”. In Proceedings of the IEEE Winter Simulation Conference, 2002.
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Background

Software Architecture Recovery - Graph Analysis

In-degree Out-degree

Incoming edge count Outgoing edge count

20




Background

Software Architecture Recovery - Graph Analysis

Betweenness Centrality Density
How frequently a node is Proportion of possible
positioned between other nodes incoming/outgoing edges

21



Background

Betweenness Centrality

This metric is measured with the number of shortest paths (between any couple of
nodes in the graphs) that passes through the target node u (denoted °v,w(u)). This
score is moderated by the total number of shortest paths existing between any
couple of nodes of the graph (denoted °v,w).

oy w()
B(u) = X

UFVFW O i

C. Perez et al. “Graph Creation and Analysis for Linking Actors: Application to Social Data’. In Automating Open Source
Intelligence, 2016
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Background

Game Engine Architectures

Game Engine

. data .
Object Manager Script Loader

Scenario
Script
User
Data

Specific-purpose

game engine

message
contents

Network Module

< message )

Client

J. Park and C. Park. “Development of a multiuser and multimedia game engine based on TCP/IP’.

In Proceedings of IEEE PACRIM, 1997. 3




Background

Game Engine Architectures
£

Game logic

Specific + General

Platform

L. Bishop et al. “Designing a PC game engine”. In IEEE Computer Graphics and Applications, 1998.
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Game Engine Architectures

Expanded and

layered

Front:End (FES) ‘ ‘Gameplay Foundations (GMP)
o | Eo —— e ——
(HUD) (FMV). (6e)
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e | [ | [Pz \
g |[ st | [ o |[ v
Visual Effects (VFX)
sp, || enoee || s, | |
=
v —
— p—
i pomerme | e | oo "
= [ \ wiizton || s || [ e | (|[ e |
‘Scene Graph / Culling Optimizations (SGC) LERP and Animation Sub-skeletal ‘Object Authority 3D Audio Model
)
‘
i (PHY) Devices (HID)
prer | Py, P | Rp—
B EEH R S =R =
.

e [ | R | Rl | il
E A A I =
\ [— |H sz | || [ s || e ]

Resources (RES)
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e | i || oot | [ | oot i || i [ oz e
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e
e [tz [ [ |[ o [ ][~]

J. Gregory. “Game Engine Architecture’, 1st edition, 20009.

Background
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Background

Reference Game Engine Architecture: Gregory

s )
Game-Specific Subsystems
N J
I/ Front End I | Gameplay Foundations \l
Visual Effects ;

I I Skeletal Animation M olt? Illne Audio

l Scene Graph/ Culling Optimization I ulipiayer

| Low-Level Renderer | | Profiling & Debugging | | Collision & Physics | | HID

l Resources

| Core

Platform Independence Layer

|
|
|
|
Third-Party SDKs | /

A

Hardware, Drivers, Operating System

Adapted from J. Gregory. “Game Engine Architecture’, 2018.
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3. Approach




1. System Selection

dirl dir2
dir3 dird

2. Subystem Selection

® 0
©

Steps of the SyDRA

1. System selection

2. Subsystem selection

3. Subsystem detection

4. Include graph generation

5. Moose model generation

6. Architectural model visualisation

Approach

-

28




Approach

Steps of the SyDRA

/3. Subsystem Detecﬁot“ ﬂ‘) Arch. Model Gen.\

dirl dir2 om B
> i ir’ e
f 1. System Selection\ 6 SubystemSeIectio«“ B D
R I=a

@ o_/+ g, 2 o . l J

@ / 4. Include Graph Genx / 6. Visualisation \
\ dir3 dird / \ / = =

SubA
A
dirl dir2 @4;
e A4
\

s _J SubC
o= 8 e ) \ J

dirl dir2

Y
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4. Implementation

30



System Selection

10 game engines from GitHub which are:

e Publicly available
e General-purpose
e Popular (humber of stars + forks)

e Written in C++

Implementation

/ 1. System Selection \

dirl dir2

dir3 dird
\ /

g

31




Implementation

System Selection

W % covor O3DE

UNREAL OPEN 3D ENGINE
FLAX ™ piccoLo

ENGINE
ENGINE Game engine

@\ — olcPixelGameEngine
l o ©

C0C0S20e
Logos for the 10 selected game engines as provided by their official website or GitHub page.
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Implementation

Subsystem Selection

16 subsystems from Gregory:

® AKA mOdU|eS, com ponentS |/ Front End I I Gameplay Foundations \I
| Visual Effects ] o Online !

® Generalisation in mind | Scene Graph/ Culling Optimization | Skeletal Animation || utgplayer | | A4
| Low-Level Renderer | I Profiling & Debugging I I Collision & Physics | I HID

e Functionality descriptions I e

Platform Independence Layer
Third-Party SDKs |

A
L

Adapted from J. Gregory. “Game Engine Architecture’, 2018.
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Implementation

Subsystem Selection

L 0®LE T B & =

Audio Core Debug Editor FrontEnd Gameplay Inputs  Renderer
(AUD) (COR) (DEB) (EDI) (FES) (GMP) (HID) (LLR)
0 O Pad
; w ~ ‘:\ -
— Bl
Multipl. Physics Platforms Resources 3rd Party Animation Scene Visuals
(OMP) (PHY) (PLA) (RES) (SDK) (SKA) (SGC) (VFX)

34




Subsystem Selection

Abbrev. Name

AUD Audio

COR Core Systems

DEB Profiling and Debugging

EDI World Editor

FES Front End

GMP Gameplay Foundations

HID Human Interface Devices
LLR Low-Level Renderer

OMP Online Multiplayer

PHY Collision and Physics

PLA Platform Independence Layer
RES Resources (Game Assets)
SDK Third-party SDKs

SGC Scene graph/culling optimizations
SKA Skeletal Animation

VEX Visual Effects

Implementation

/2. Subystem Selecﬁoh

35




Implementation

Subsystem Detection and Include Graph Generation

6 Subsystem Detectioh

.

dirl

—

™

dir2

k dir3 dird /
ﬂ. Include Graph Genx
A
dirl dir2
"
K dir3 dird /

Clustering files/folders by:

e Naming e Documentation
e Childrennaming e Source Code

Generate an include graph:

e We used cinclude2dot
e We resolved some absolute include paths manually

36



https://www.flourish.org/cinclude2dot

Implementation

Include path resolution issues: example

engine.cpp

#include bla.h

Where is bla.h?

Same folder
Other folder(s) defined in the build config
files (e.g. CMakelLists.txt)

o These folders could be in another repository (e.g.
third-party libraries)

Some files are generated during build (e.g.
based on templates)
P.S: not every game engine uses CMake

37



Implementation

Architectural Model Generation and Visualisation

6 Subsystem Detectioh

.

—

dirl

™

dir2

S,

dir3

dird /

ﬂl. Include Graph Genx

dirl

P

A
dir2
\4

N

dir3

dird /

/5. Arch. Model Gen.\

]
by

DL_E
_ p

i

/ 6. Visualisation \

SubA
\ 4

Y

\J )

Generated using:

Moose m a platform for

software analysis; FamixCpp.

Visualised as:

Architectural Map (graph) +

derived visualisations
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SyDRA: Background x Approach

Metamodel
Reference e
Architecture h

Software System

(e.g. Game Engine)

uses

SyDRA

Background

To create a

Model

/

l Which is

Graph

Subsystem
Organization

Coupling
Patterns

l Which can be

To learn
about

Analysed

Visualised

39




5. Results




Results

Results

incoming
AUD COR DEB EDI FES GMP HID LLR OMP PHY PLA RES SDK SGC SKA VFX

outgoing
VEX SKA SGC SDK RES PLA PHY OMP LLR HID GMP FES EDI DEB COR AUD

RQ1 RQ2
Which subsystems more often Do game engines share subsystem
couple with one another? coupling patterns?

Graph analysis: in-degree, centrality and density
T




Results

RQ1: Which Subsystems Are More Often Coupled
With One Another?

7 P .
UnrealEngmeAUDI s = =l UnreaIEnglne-GMP'
"'w‘ q.t_',@ ,' S

f'p)ﬂx'"

=

5 UnnaaIEno'neEDI =

- UnrealEngine-OMP!
#E X% TN === "
N/ —. -
L\, T = Y/ ; 7 ».;.‘.}.x.\! .l"- -
UnreaIEngne-SD(l == 7RO T H—F——% UnreaIEngne-PHYl
e ‘, \ '
__..&_é___\ --a’&‘&’?a_‘
. UnreaIEnglneSGCl .UnreaIEngneRF_Su
unreal Engine  =E======-
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RQ1: Which Subsystems Are More Often Coupled
With One Another?

'\o3deDEB" < : o3de-FES
- 3 . v
\ 4l
—_————— e ' e
1 03de-AUD! » 03de-GMP'
----- S S
f i\‘...- ____
o3de-VFX &1 03de-HID
——, £ 2 e
e = e
N7
< 11 "’_* .
03de-SDK > "‘03de-PHYI'
\
\ \
= W2 ;._‘&;025'_ &
03de-SGC! » 03de-RES

O3 . tm=m=r e
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RQ1: Which Subsystems Are More Often Coupled
With One Another?

___________

' urho3d-DEB < ,urhoad-FEs
S - e gy - _),,
{urho3d-AUD' S 1 urho3d-GUP!
2 uo30-cor S
T SN v
urho3d-VFX _ AT N D ,urho3d—HID
<X DA ! N e : , s o Nt
2 e (/ N/ M N
Wrho3d PLA | 1|1 uthoEDD<
% N p— H1 ] | - ¥,
_____ i . k. VI A N ? ‘l_L_‘___.
' Urho3d-SKA! 7 g . [ A y ’ 1 urho3d-OMP!
TJrhoadSDK'T AN L N iha3dPHY

_______________

vrho3p  t=====t Temm=
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RQ1: Which Subsystems Are More Often Coupled

With One Another?

.........
\

_______

———————

mmqhyﬁk

Gameplay3D

\“\% B N N 4 /
I camneplay-LLR /
A ——/

-------------

gameplay IIB' gameplay -FES!
S e Ve T T
= U
//
\‘ gan‘eplay—GVIP

N
(IR .

N 2 _:#ﬂ* ~ gameplay-HID!
- oo ::SJV'{}'{ =
§ gameplay-PLA & /) gameplay-ED
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i
fi bameplay—OlVP
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/
/
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RQ1: Which Subsystems Are More Often Coupled
With One Another?

 godot- -DEB, , godot-FES'
= ARE - -
7/
— e
'godot AUD, | godot-GVP)
= 3 > B £ e
godotVEX! /| 4l .godot -HID)}
CoTgR | S O ([N — A5
 godot-SKA, N 1 godot-OMP)
i . NS TN R A S mmme
IS 0= %A-__
L 9odot-SDK = <7 5, 9odot-PHY
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't \\ LY
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Godot
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RQ1: Which Subsystems Are More Often Coupled
With One Another?

_______________

~ - TR - e meypreis

_________________
------------------

SR | ., : i COR W

[ (4 - -

S F|axEngne\«FX. {FlaxEngmeHl D.
...... &« fhgesne LS
' FIaxEngme—SKA. ! FlaxEngine-OMP!
T 1 y —— ¥ T N T e -
; B FlaxEngine LR Nl
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1 FIa>dEngme-S[)<| 1 FIaxEngne-PHY-
SNV
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FlaxEngine T Nvemheen
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RQ1: Which Subsystems Are More Often Coupled
With One Another?

_____________

______________

- NS NN TR e - -

____________

':r;)a-nd_a;d-VI;X\ g ' :panda:;d-Hl_D
- &) ey N
<771 || pandasdEDr
¢ \ | NS
panda3d SKA- : . panda3d oMpP!
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anda3D . eeesaes seaoe
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RQ1: Which Subsystems Are More Often Coupled
With One Another?

cocos2d-x-DEB 1 cocode—x FES'
cocode xAUD '\cocode x-GMP
B <> .COR S
S AT - !
{ COC0S20-x VFX' , <IN 0C0s2d-x-HID
..... -~ =S — ) s N LA < 5 ; \
=< B (00520 PLA PEEEE bmm COCOS20-x-EDi
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RQ1: Which Subsystems Are More Often Coupled
With One Another?

______

Piccolo-DEB Plccolo-FESl
Piccolo-AUD :PICCO|O GVIP
Sy eee
Piccolo-COR @
" ] = .. > 7
Piccolo-VFX : Ppccolo-HlD
2 R
Piccolo-PLA g =t @
\Plccolo-SKA’ [ LT 7 b Piccolo-OMP
ly /)
|
' Plccolo-SlX’ Plccolo-PHY:
VK L
Piccolo-SGC | \ Piccolo-RES!

Piccolo . mEEEE voooLly
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RQ1: Which Subsystems Are More Often Coupled
With One Another?

olc-DEB ";_Ic-_F-I_ES}
.'_BI_C_A;U_I_): olc-GVP
olc-COR
olc-VFX olc-HID
olc-PLA olc-EDI
olc-SKA {olc-OMP)
e sox e
olc-SGC olc-RES

olcPixelGameEngine
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RQ1: Which Subsystems Are More Often Coupled
With One Another?

In-degree Betweenness Centrality

Incoming edge count How frequently a node is
positioned between other nodes

52
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RQ1: Which Subsystems Are More Often Coupled
With One Another?

10.00
8.00

6.00

Average In-Degree

average

Overall 4.00

2.00

0.00

K \\‘<+

O L O R L R C & L &
T LLLINETEL LS s

v

subsystem
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RQ1: Which Subsystems Are More Often Coupled
With One Another?

10.00
8.00

6.00

Top Average

average

4.00

In-Degree Overall

2.00

0.00



RQ1: Which Subsystems Are More Often Coupled
With One Another?

25.00
20.00

15.00

Top Average

average

Centrality Overall

10.00

5.00

0.00
L O O & TR L EFTE R O X QO AW
C OIS F TSN LE Y

subsystem
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RQ1: Which Subsystems Are More Often Coupled
With One Another?

25.00
20.00

15.00

Top Average

average

10.00

Centrality Overall

5.00

0.00
& O QO & R P
S & F N

§ o & ®

RO 0 QO K

O

subsystem
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Results

RQ2: Do Game Engines Share Subsystem
Coupling Patterns?

incoming
AUD COR DEB EDI FES GMP HID LLR OMP PHY PLA RES SDK SGC SKA VFX

In 10 game engines,

how often subsystem A
includes B?

outgoing
VFX SKA SGC SDK RES PLA PHY OMP LLR HID GMP FES EDI DEB COR AUD
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Results

RQ2: Do Game Engines Share Subsystem
Coupling Patterns?

incoming
AUD COR DEB EDI FES GMP HID LLR OMP PHY PLA RES SDK SGC SKA VFX

Top In-degree

highlighted

outgoing
VFX SKA SGC SDK RES PLA PHY OMP LLR HID GMP FES EDI DEB COR AUD
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Emergent Game Engine Architecture

For each subsystem we take:

The most frequent incoming pair

The most frequent outgoing pair

All pairs go to a new graph

Graph nodes are color-coded based on in-degree and centrality
Emergent architecture!

o H WN -
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Emergent Game Engine Architecture

top in-degree
top centrality

top in-degree
Outer core $ l
X top centrality :] DEB PLA

x top in-degree Peri HID ] [ OMP
pheral
x top centrality [: > g

N
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Subsystem Roles

Foundation Gatekeeper
A subsystem frequently A subsystem acting as
depended by others intermediate

61



Results
RQ2: Do Game Engines Share Subsystem -

Coupling Patterns?




Results
RQ2: Do Game Engines Share Subsystem -

Coupling Patterns?




6. Evaluation




Evaluation

Evaluation Overview

Qualitative User Study
To what extent do the game Does SyDRA help developers
engines that we analysed with understand and maintain the
SyDRA match the software architecture of game engines?

architecture literature?
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=

Qualitative Evaluation - Description

We compared Gregory with 4 other game engine architectures:

.....................

cccccccccccccccccccccccccc

aaaaaaaaaaaaaaaaaaaaaa

Bishop et al. Rollings and Morris Sherrod Thorn
(1998) (2004) (2007) (2010)
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=

Qualitative Evaluation - Description

We compared the following aspects of subsystems:

———————————————————

___________________

Existence Naming Responsibilities

67




Qualitative Evaluation - Results

Gregory's
Architecture

Profiling and

(Rolllings)

Debugging

Error Manager
(Thom)

Human Interface

_Graphics
(Bishop, Rollings)

Audio Manager |«
(Thomn)

Music Engine <
(Rolllings

Sound Engine <

Devices

Input
(Bishop, Rollings, Thorn)

Low-Level

A

|r I I

Renderer

Render Manager
(Thom)

Scene Graph/Culling
Optimization

Scene Manager
(Thom)

Menuing System
(Rolllings)

Skeletal
Animation

R
WT

User Interface
(Rolllings)

Eel

Evaluation
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Qualitative Evaluation - Conclusion

e [wo-way mapping
e Naming differs
e Subsystem responsibility descriptions differ
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fﬁ

User Study - Description

V) e

Hypotheses v— Tasks

V —

&8& Participants ==+ Design
. Procedures /JD‘ | Data Analysis

Adapted from Briand et al. “A controlled experiment for evaluating quality guidelines on the maintainability of
object-oriented designs”. In IEEE Transactions on Software Engineering, 2001.
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fﬁ

/%) User Study - Hypotheses

—

AN NN

e H1: Game engine architecture is significantly easier to understand with the use of
SyDRA.

e H2:Itis easier to perform impact analysis (locate changes) on game engines with
the use of SyDRA.

e HO (Null Hypothesis): The use of SyDRA provides no significant difference in the

understandability and maintainability of game engine architecture.
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&8& User Study - Participants

e 16 participants

e Required: age, experience with OO programming

e Most frequent demographics:

(@)

(@)

(@)

Men under 30 years old

From Canada and Brazil

Software developers outside the video game industry
2 to 5 years of development experience

Unreal, Unity, or no experience at all

fﬁ
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User

Study - Procedures

File Edit Selection View Go Run Terminal Help

PLORER

~ GODOT
> .github
core
> doc
drivers
> editor
> main
misc
modules
platform

scene

arvr
B

> camera
physics
physics_2d
visual
arvr_server.cpp
arvr_serverh
audio_server.cpp

C_audio serverh

arvr_server.cpp - godot - Visual Studio Code

:singleton

:get_singleton() {
rn singleton;

ver::_bind_methods() {
bind method (

ind method (

ind _method(

bind method (

ind method (O

(PropertyIr

ind method (

bind method (
hind mathad!

VS Code

Evaluation

Avchitectursimap.

Source code o scrpt_debugger_remote.cop

Gronend!
i

Vo

Moose
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Evaluation

_— User Study - Procedures - VS Code

arvr_server.cpp - godot - Visual Studio Code

File Edit Selection View Go Run Terminal Help
EXPLORER arvr_server.cpp X

v GODOT GEBELS servers > G+ arvr_server.cpp > @ _bind_methods()

> .github #include "arvr/arvr positional tracker.h"

core #include "core/project settings.h"

doc I

drivers ARVRServer *ARVRServer::singleton =

editor

ARVRServer *ARVRServer::get singleton() {
return singleton;

main
misc
};

modules

platform void ARVRServer:: bind methods() {

scene ClassDB: :bind method(D METHOD("get world scale"), &ARVRServer::get world scale);
ClassDB: :bind method (D METHOD("set world scale"), &ARVRServer::set world scale);
ClassDB: :bind method (D METHOD("get reference frame"), &ARVRServer::get reference fran
ClassDB: :bind method(D METHOD("center on hmd", "rotation mode", "keep height"), &ARVF
ClassDB: :bind method (D METHOD("get hmd transform"), &ARVRServer::get hmd transform);

Vv servers
arvr

audio

physics DD PROPERTY(PropertyInfo(Variant::REAL, "world scale"), "set world scale", "get worl
physics_2d

visual ClassDB: :bind method (D METHOD("add interface", "interface"), &ARVRServer::add_interfe
ClassDB: :bind method(D METHOD("clear primary interface if", "interface"), &ARVRServer
ClassDB: :bind method (D THOD ("get interface count"), &ARVRServer::get interface cour
ClassDB: :bind method(D METHOD("remove interface", "interface"), &ARVRServer::remove i
ClassDB: :bind method (L 0D ("get _interface", "idx"), &ARVRServer::get interface);
audio_server.h .. b r =THON Lo foract VIR, V-G | -

>
>
> camera
>
>
>

arvr_server.cpp
arvr_server.h

audio_server.cpp
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User Study - P
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ures - Moose

Evaluation

x -0 Tag browser - x -0 Architectural map
o o 2 = b - ? o ® o 2 D, ¥ & » ?
Follow  Freeze Bus: Default Inspect  Propagate  Help Follow  Freeze ‘Bus Defautt Settings  Inspect  Propagate  Help
i ? v Animation D
Al categories ¥ T | entities queried: Entitiesin tag: {Debugging, {Front-end)
Taglist godot animated_sprite.cpp - TR 7 AN
s = animated_sprite.h
animation
Animation animation_blend_space_1d.
Audio animation_blend_space_1d.
Core animation_blend_space_2d.
Debugging animation_blend_space_2d.
Editor animation_blend_tree.cpp T
Front-end . animation_blend_tree.h S HID)
Gameplay animation_cache.cpp v
HID >»» animation_cache.h
W Multiplayer animation_node_state_macl
D Other < animation_node_state_macl - '
Physics animation_player.cpp
B Platforms << animation_player.h
B Renderer animation_tree.cpp
Resources animation_tree.h
SDKs animation_tree_player.cpp
W scene animation_tree_player.h
Visual Effects bone_attachment.cpp
bone_attachmenth /
joints_2d.cpp ﬁ
1 joints_2d.h - 2 >

x -0 Source code of script_debugger_remote.cpp
e o o© o D, & > 2
folow  Freeze Bus:Defautt inspect  Propagate  Help

P> External Editor

Vs Code

/* TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE  */

v

~| Automatic send

/* SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE, *

/ /
#include "script_debugger_remote.h"

#include "core/engine.h"
#include "corefio/iph"
#include "corefio/marshalls.h”
#include "core/os/inputh"
sinclude "core/os/os.h”
sinclude "core/project_settings.
de "scene/main/node.h"
3 de "scene/main/scene_tree.h”

de "scene/main/viewport

75
OB



fﬁ

User Study - Tasks

»

Architectural Impact
Understanding Analysis
e “Explain the functionalities in e “If we were to change this file,
this subsystem.” which other files are affected?”
e “Explain what these files do and e “If we were to remove this file,
why they depend on each other.” which other files are affected?”

+ Debriefing questionnaire (NASA TLX)
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Tasks and

Debriefing
Questionnaire

User Study - Design

Control (8)

VS Code

Treatment (8)

Code

Analyse

fﬁ

1% copor

Game engme
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e UndTime: Time spent on architectural understanding tasks (s).

./JID || User Study - Data Analysis

e UndCorr: Correctness of architectural understanding tasks.

e ModTime: Time spent on impact analysis tasks (s).

e ModCorr: Participant Correct File Count / Actual Correct File Count.
e ModComp: Participant Total File Count / Actual Correct File Count.
e ModRate: Participant Correct File Count / ModTime.

Adapted from Briand et al. “A controlled experiment for evaluating quality guidelines on the maintainability of
object-oriented designs”. In IEEE Transactions on Software Engineering, 2001.
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ﬁ Evaluation

. DH User Study - Data Analysis

e Minimum number of participants (Two-sample t-test)

e Normality testing (Kolmogorov-Smirnov, Shapiro-Wilks' W)
e Statistical significance testing (Wilcoxon Matched Pairs)

e Descriptive statistics

e [ffectsize

Adapted from Briand et al. “A controlled experiment for evaluating quality guidelines on the maintainability of
object-oriented designs”. In IEEE Transactions on Software Engineering, 2001.
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. DH User Study - Task Results
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(a) UndTime (b) ModTime
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/Jl[l‘ | User Study - Task Results
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. DH User Study - Task Results

Table 5.8: Effect size for each dependent variable

Variable X Control X Treatment Effect Size i
UndTime 4,377.78 3.545.19 0.368 20.0
UndCorr 5.87 6.25 0.303 10.5
ModTime 1.282.73 2.482.08 1.7 5.0

ModComp 1.02 2.04 1.48 5.0

) odCorr 1.09 1.46 0.55 7.0

ModRate 0.00 0.00 0.23 12.0
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/JIDH User Study - Debriefing Results

w
w
L
w

24 o 2 t 2
14 14 b——_— R — 1 L L
0 T T 0 T T 0 T T
Control Treatment Control Treatment Control Treatment
(a) Mental Demand (b) Physical Demand (¢) Temporal Demand
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ﬁ Evaluation

. DH User Study - Debriefing Results
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“It's a painful question... What is a functionality? Both the terms and the scope of

./JID || User Study - Exit Interview Comments

the question are way too abstract/large.”

“The relationship lines [edges] always stand out from all other components, and

the lack of a border on the windows when | expand a node is very confusing.”

“Mostly | found it a bit difficult to read when expanding modules within modules,

as everything starts to overlap.”
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User Study - Conclusion

We accept H1 and H2, we reject HO
Influence in time and correctness
Impact Analysis Correctness
Treatment: lower task load

fﬁ
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7. Conclusion
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Conclusion

Conclusion

e Game engine source code can be used to create architectural models

e We show model visualisations can be used to analyse:

e ey

Division of Frequent subsystem Analyse game engines
responsibility coupling isolatedly or as a group
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Conclusion

Limitations
We are aware of the impact of our choices of:

I « ST

Reference Game engines Models and Manual
architecture and subsystems Visualisations processes
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Conclusion

Future Work

Improvement and evaluation of the of the approach and implementation:

@ T gg O

Include more Study other Expanded Automate
architectures software families user study subsystem
detection
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