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1 INTRODUCTION
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2 RELATED WORK
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2.2 Rule-based approaches in End-User Development
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3 AN END-USER DEVELOPMENT APPROACH FOR CONFIGURING VIRTUAL REALITY
ENVIRONMENTS
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We suppose having a template representing a virtual clothing shop, including products (e.g.,
t-shirts, hats, shoes etc.) and multimedia elements for displaying additional information (e.g.,
text panels, virtual monitors for videos etc.). The EUDev wants to configure the environment for
displaying a text panel containing the price when the user picks a pair of shoes.

Table 1. A simple template configuration scenario.

3.1 The VR Object Taxonomy
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Fig. 1. Class diagram for the object categories in the VR templates.

Sgur 1s S Ss grwm p» ng i 20 I » W s ps fim xS
XK s m » X S & r S ™ wr ppr T s ssgmsu e€r s
X ORI CI ) S SS gr r
wfigar ng X wr Sw SS gRma W pr S ngp S nOorR W
» TUW W Sup® r ) S WA W e r g m sp ne g
ngs . ) sp fi » s S ws x s s mrx s  wgwg
ss » W ) sp i » s mS SS
x n o wNe S WS S rPr gr W wg BOX ORRW by
®oowr R m I s m 0w ® Objects w» Behaviours T frmw »
@r ssrx bl T i i I x s SS g@mma W WX
x NS WS r WP x XX w W nurs W X SS
ffrm er s s grs pr s LU TSN T N
roxr om ms W ngs s ng egr m e Ss gm U
ms Tx ms W wa S s ®prswm S x ngs w Furniture g
» WSS W X eSS mW Food X » Container wur
S m rw RNg iy 1.1 X S w S X S W WSS gn
Food er w ® WS x s s Container swmgr wms T rx r Food
®»  Furniture r Objects Container s Behaviour
T g€rs ms xS w XX s » & gr s
S mpne » ms r g Mg wr xr W W wS W M xW WX



r RS m ssgm W X Ppr s m wNg Terrestrial Animal e
gr r mr sp sT x swms » Cat
e r ” S S WS Srp W W ws Terrestrial Animal x
suw  swyp fi oW ®m W ” ws s ssu s ¥ »r mg
wr xe S Srugge WX S MwWg It S ng W sx
»r T s ¥ WS xS ne ss r
®n rM rprsmw »mam wxr  wmgwg (s S o)
nE X » Cat Tom
T  Behaviour g W s » »ox nrs ® SS gm ffxm S
PR R rmW m» TSP Ss SS gm M ¥ ®m ® Behaviour rw
P S we S » SS »S RPr @F W Mg WK whigar
T s ss ®» Object gr w» s Behaviours 7 r wms w T w»
ss gm  Collectable » Sound » rx » » Furniture » s »  fim
T S r o wap » o s ww » W R X r weaps ®
T fim s ws n wfigar wm swg WS SS we w
wms  fim Object = ff x m Behaviour wap ®m ms
§X STPrsm Ng WM w s s ® (Camera Lights Transitions)
s wajp nans r fimmg » r wwm W wmpu ®» ®» w w  w (Bounds, Container,
Collectable, Counter, Keypad, Switch, Lock, Timer, Trigger) ™ swap x pr s = S W
» » (Image, Sound, Text, Video) = r ms = ws rwg Container s OB W
" » » LIy S wrr W WS s mS X NS 1 Wg
norowm wNe S r r wp wng
wrr aurmg pr w rwmwm wms  Placeholder nroow supp
» fim ng mS WMP WS W wap x RS X WS W W W
o S WP WS Mg Sw gr wmS »
ne swmp »T 1 R OX AR W WS s  Characterx pr s » ng
s ® s x( us x ®» r wwa » ) Clothing SX pr s m wg s s m
xpr w s Text SKX pr S B Ng BOXR O MP WS XS ne
» ® W S XSS Placeholder »  w Interactable wr T LT
s s us m o x wr w T x s us xs (

=
E

o

o 3

=]

(%) [ 4%

) =
w
w

w

J

=

—
2]

3
7}
=
3

3.2 The EUD Rule Language
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// rule grammar
rule : WHEN action (IF condition)? THEN (action)x* ;

// sample structure: no condition, single action

! ws//lg w w/ g / n sS4
ws// ®mr rg
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when [action1] then [action2]
// sample structure: single condition, multiple actions
when [action2] if [condition] then [action 3] [action 4] ... [action n]

Listing 1. Declaration of a rule
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// schema 1: [subject] [verb]
THE LANDVEHICLE IDENTIFIER STARTS
the land vehicle car starts;

// schema 2: [subject] [verb] [direct object]
reference: THE object IDENTIFIER;

THE character IDENTIFIER LOOKS AT reference
the human visitor looks at the art painting;

// schema 3: [subject] [verb] [valuel]

THE character IDENTIFIER JUMPS ((TO position) | (ON path)) ;
the human visitor jumps to the position entrance;

the human visitor speaks "Hello world!";

// schema 4 (state change): [subject] changes [property] to [valuel
THE ART IDENTIFIER CHANGES AUTHOR TO STRING_LITERAL;
the art painting changes author to "Picasso";

// schema 5 (number increase/decrease): [subject] increases [property] by [value]
THE character IDENTIFIER (INCREASES | DECREASES) LIFE (BY floatLiteral)?
the human playerl increases life by 2;



0.1

RuleEngine 0.1

-instance: RuleEngine
-rules: Rule[0..*]

-eventQueue: Action[0..*] EventBus
+Getinstance() ActionListener -instance: EventBus

-RuleEngine) | 0 0~ ] ——————

:Q‘;‘:sg:;éh‘e 9 +ActionPerformed(Action a) ﬁ’fbnlits:(sA%ion a)

+Execute(Rule r) : +Subscribe(Action a, ActionListener I)

+CheckCondition(Condition c)
+ExecuteAction(Action a)
+ListActions(GameObject 0)
+ListStateVariables(GameObject 0)

v
Rule VR Object Taxonomy
+Event: Action

+Condition: Condition
+Actions: Action[1..*]

Fig. 2. Class diagram for the ECA rule engine.

// schema 6 (passive action): [subject] [verb] [direct object]
THE character IDENTIFIER WEARS THE CLOTHING IDENTIFIER;
the human playerl wears the clothing tShirt;

Listing 2. Different types of action specification

bt s ®m p» ®m condition( ifp r) fim s » ®S x " ng
thenp x  ®m ws xs wsa r ng M ®S ¥ ws s wp n Swg
prpr [4]CG m s W BSW S ¥ WM WS XS W » » s g
»r supp fim w P S Pr SS WS W nge g sp f o
» P W W » T ng W ¥ sapp r W W and/or m s wap
s w T s w mwmrsu ®oWS w pr Was m Prss mss w
mox us x » x s[ 14]
swmg s s ru fim ng us W wr e r s mr =T 1T
B Xgg rwNg e S pick » S su S x Xr pr s m nNg us x
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s wmgpr w sT r sm w s|p L G NS I Xgg rwg M S "
» npr T x » R OX AR R m SS ) ®orR R W
infoPanel2 s Text
when the character visitor picks the clothing sneakers4
then the text infoPanel2 shows
Listing 3. A rule specifying the behaviour required by the scenario in Table 1
3.3 The Rule Execution Support
T S RP MW W OWKS W WS supp r x o wg e s xum wa Sw s
» s x Ul BT AR W ) ng T fim
» sp fi ram wa  wp M owm ws U Rule Engine I
S SS rgg rng » o ng M S »r r ®m Ssr sxrmp W
( » pwm » rm ng ) ss's ws xs mg spr W P »
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4 PROOF-OF-CONCEPT IMPLEMENTATION

S wss W ORpr xS
»

P W R » o opr
S rEgwm W
s firs s mwm wmsr wg »pr s s

® SS »
» »S » S
T S WSS W™ S MR
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https://unity.com

S ® Ss ng wmr PP rUR S X WS W ZNg pr x Frw

» S T oug s ms T peugnr s m s mor 0w »ox »nT x

supp r nNg X RS WA R KA Z NG raur W ms r m Xx s »
e W s X g nNg s x »r gm wmgwn T S

»G wt' g r S T mWSK W » ®opprWM X

4.1 The ECALibrary

T ECALibrary = s ) I » SS s ™ w » nRORT W
»S m 1 T wm ssgn g mGameObject( g mr now) s w
e r S® W x Ss gn GameObject gr T T ssgws m S
» owr o wfiger
T =« swap fi X ox x XX pr S M Ng B K AW WS
ss ECAObject  ss I x s m RS W W gr sT
sS® PP S ECABehaviour wap m » ®» ssu sS s w »or
wrs T X S # wap wa W » » oW S x LN I
ECAObject = ECABehaviour r wap » ms ® » wp mwm Ss m
x e sepp x »n T xosu ss s  MonoBehaviour sr P W ow
now »owWwS ®moxr W X % SS Mg er xx w oox
WP S RwW S x wr x sp Y I » P R W
reurs m rom X oug RequireComponent  ss row P WM
O S N mW X wg Sa W r w
RR XS wgp W swuss 1 S ff r PR WP W R R b " ow
swupp x S m ssuwma W e€rz W pwg s fim = gms
®PsSw ECALibrary T » SH W ssww W erzZ WS » s
» wrs T Xp S WM oI W Ul gr x weep mom
s s x s m s LI S I s W » wPp B W ss
P w W » r s # ws wa r a s G wsw Sre wr W 0 I »
e S sty W fim mm wS » o1 om
¥ ®r S ®m ™ W S er s
T firxss p rm w wg P ORR W Ng S W mg M W@®™ sSSP ne
» B R num xs ™ S r  wg S s ECAType ss o
XS S Wmwmg 1 IR ED NI s ram w (s S n4 )
®OTR W W i R NS

[ECAType ("human")]
[RequireComponent (typeof (Animal))]
public class Human : MonoBehaviour { ... }

Listing 4. Annotating a Unity Component for managing it at runtime through ECA rules

T w» T STMR R R S W IR M W x s R W s »
" S WP MW Ng ms T r finwg S x S 23 » X WS W
o » (ECAStateVariable) ma x wmg pu ®S W x S XPpr ®r s # ss
S x S ®»g s s Boolean, Color, Float, Integer, Position,
Path, Identifier, Rotation, Text, Time ¥ Sr § ¥ ¥ W W®Wg S W S S

S ®p  Wm wms fimng s x s m Character T firs »w »
mrs flg r » wg ror WX finm wsxrT wm wm fims

4 ws//lg w w/ g / n sS4
®s//  sm xs w/ ®ows/ wm /s xp/prgrwmawang e / W ®s/ r w s/r wmg WS W r W S


https://github.com/cg3hci/ECARules4All
https://docs.microsoft.com/en-us/dotnet/csharp/programming-guide/concepts/attributes/creating-custom-attributes
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»n w x Spr s w » s pwm rxu sswmT s =
e »n fins x n mRg RS ¥ r rs r s fl

[ECAStateVariable("playing", ECABaseType.Boolean)]
public ECABoolean playing;

[ECAStateVariable("life", ECABaseType.Float)]
public float life;

Listing 5. Annotating the instance variables of a Unity Component for modifying them through rules

7 m r ws w1 w (ECAActionAttribute)mwa r s ns g
r wr px s s r finng CRE O Y wr s nS K8 X
by P » i wm s wg fin ng S W sp fis
oW » x »x m S mg S s x P S X wWrx W »
fim wmp s T fixs fims swims to ROX W au » W s
s wmsp i =W prwm T s w» s m ECAObject ( wew )
moox R S Sw™p S PSS n frm rwm  pr  ws wms
» wgs  Character » » now W s » w s W
fim w» ECAFood  ss s WP W W » Food

[ECAAction(typeof (ECAAquaticAnimal), "swims to", typeof (ECAPosition))]
public void Swims(ECAPosition p) { ... }

[ECAAction(typeof (ECAObject), "looks at", typeof(ECAObject))]
public void Looks(ECAObject o) { ... }

// the following method belongs to the class ECAFood
[ECAAction(typeof (ECACharacter), "eats", typeof (ECAFood))]
public void EatenBy(ECACharacter c¢) { ... }

Listing 6. Annotating a Unity Component instance variable for modifying it through rules

XX Wp oWmw S wajp wfigar wms mr wT 1 » rw moos W
S ss ECACharacter wap » » X XS W W S s W™ ws
ECAClothing ECAPlaceholder = ECAInteractable wap » ms
TW W TR Mp W » WS ECAText wyp mnm T fim nS W S ws
x ST qur r WP W W Ng g » n (8 s » »
RoTR R R )

4.2 The Rule Engine

T ECARuleEngine s SS X S| WS X " nNg o s fim »
wap wfigur  ®ms rs w Pr om m s e S x W i w
USE x rom srp T wp mw » ng » S®  ssuwa W
STy wr W »S w » oW mS x ne ws W r w S
T ws w ne S myp W W m ST aqur T » S s s x

wrs T swa ws »n Ng o S®  wp » rgR W »

X8 S ¥ X us S

®» ECARule s #x pr s m » T ®» ECACondition s = sr we x
SWyp r wap s S mwamg s T oW » nosxrp W
» ®mr xwm s GameObjects = mremm Yrms W nS ¥ s wajp

» the human visitor looks at the art painting ([subject] [verb] [object])
r oM srmp w ® m GameObjectr r m ng  visitor ® o mwNg



wyp » » ECAHuman r r m sLooksAt ms » ma ® X rw GameObject

s » fi r s painting
Supp s wg s » S N v mox »x bl r mg m
» ECARuleEngine ss « W ng g W » S s wap X » ECAAction
S M S prw r o® » rorm M » su r fl » » Ss
by S prm rm » X g mwmrx X wS rr rm S
X au s s I m i (s s ng )
SNV @ S WM W™ S ¥ S rw ® fixs w GameObjects
now ®P MRS row ECALibrary sp fi T s msu s » ng
WP R RS W r rTm ssrx T S M orm ™ W sx
i) s P R W nS W nS W x s X pr s m s »
ne ws W r w s 0w ng S x s ® »S S #ss W

S m4 » RSP GameObject ms » wswmg #rx fl ® SS "R s Ng'

» x WP W WS SS » ¥ S Wax
ECAType mw I ng W W g P T =» e » , x W s r
S Wawa x xS x S ®m SS W™ s P s x x ECAActionAttribute

® Trxs x s x  ECAStateVariable =» ws m x s(r
pCPpr o s) m we ow m xS x ® S Supp ¥
wrr m LR

foreach(Component ¢ in obj.GetComponents())

{
Type cType = c.GetType();
if (Attribute.IsDefined(cType, typeof (ECAType)))
{
// we found a managed type
foreach (MethodInfo m in cType.GetMethods())
{
ECAActionAttribute[] actions = (ActionAttribute[])
m.GetCustomAttributes (typeof (ActionAttribute), true);
foreach (ECAActionAttribute a in actions)
{
actionMethodList.Add(a, m);
}
3
¥
}

Listing 7. Finding all the actions associated with a GameObject instance. We follow a symmetric procedure
state variables.

T ¥ ™ X prsm » ® W S Ng W »r OB TR I W) »
s » s x » » T xfl ®S WP W » MW X aqur s
» w wmg m ECAActionr rm s g m s x s » X
r fi XX Sp W S wa rorwm B RS W MethodInfo ss) T
mrX T®m S p®p r ssu P m s r W T s s s
x T mr X W S ™ Ssw » s swm s r Su
S re wr s RuleEngine fim T ” 15} IR T ECAAction ws m
r » »n fi » »n fi ECARule = s » s
" we ms W™ mg r oW x ug r fl »

Pr wea owapw WX S x 1 Pu » Jum
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4.3 Adding Configuration Points to a Scene
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Fig. 3. Rule-editing interface for EUDevs. Part A shows the activation of the authoring mode, part B shows
the non-dominant hand menu for activating the different authoring sections, while part C shows the rule
editing panel and the highlighting of the involved VR objects.
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Fig. 4. The Ul panel for managing placeholders.
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5 DEVELOPMENT CASE STUDIES
WS ¥ sepp x XX PUSRE P X N W
s wap P S xS s m W WAMS wR s
W ne ffrm asg s mrx s =« wap x
wurs S s S wg PUS R WP W W »
5.1 Case Study 1: Virtual Shop
5.1.1 Template. T wp S S S e SAW X F W W W N s
» S S x s ®ms tpr W s Tgur ® s
rom wfigar  m » by s Ss® s ™ r W
X oW s SPSsS ™ mrxwm MW OROWR qURS W I
~ U4 R W now

T RR R

T XSmW

» w
ECARuleEngine ( r



Fig. 5. The virtual shop template.
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mON oW g s W »np s w rsSmR W s T » I
(s “gur )
when the character visitor interacts with the furniture tablel
then the light mainLight turns off

the light tableLightl turns on
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Fig. 6. Sample interactions in the clothes store configuration. A) When the visitor approaches the table, a blue
light highlights the table, and the TV monitor plays an advertisement. B) The visitor approaches another table,
and the environment shows some price tags. C and D) The mannequin wears a different outfit according to
the button pressed.

the video tableAdvertisementl plays

T W RMSWm o 88 WL W QW Supp ¥ ng » BOX W swEawa X
» s e Ng moew equwms xrss T wmox mnSs » » 7 gar
» T rxw rs we »ox »s e
when the character visitor presses the button bigButtonl
then the mannequin bigMannequin wears the clothing hat

the mannequin bigMannequin wears the clothing greentshirt
the mannequin bigMannequin wears the clothing bluejeans

» » » S x mppr s W s W s ® e PP s m
» »mox wms T rsu mg ® x nS Sp » 7 gurx T &S » by
S »s

when the visitor interacts with the table2
then the text infoPanel2 shows

the timer timeActions changes duration to 5
the timer timeActions starts

when the timer timeActions reaches @
then the text infoPanel2 hides
// the other infoPanels hide too...
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Fig. 7. Sample interactions in the shoe store configuration. A) Pressing the button, the stool will rotate by 30°.
B) Interacting with the radio will turn on or off the background music. C and D) When the user manipulates
the shoes, above it will appear an informative panel. It disappears as soon as the user releases them.
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when the visitor interacts with the audio radio
if the audio radio playing is true
then the audio radio stops

5.2 Case Study 2: Virtual Museum
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Fig. 8. The virtual museum template (isometric view - walls and ceilings are transparent for clarity).
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Fig.9. Left: Each room in the museum has a specific soundtrack that plays when the player enters it, the music
stops when the player leaves the room. Right: When the user approaches any artwork, the corresponding
plate with information will appear.

Fig. 10. When the user steps at the centre of the room (into the spotlight on the floor), a 360° video starts

playing around him.

As the user steps out from the centre of the room, the video stops and disappear (the

second image shows the outside of the video-globe, the user will be inside it, as shown in the image on the

right).
when the character visitor interacts with the art Artwork_1
then the furniture Artwork_1_plate shows
when the character visitor interacts with the furniture Artwork_1_plate
then the image information changes hides
5.2.3 Virtual Geography Museum. » s wfigar m ®s » W mgs WAUS MRS s
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when the character visitor interacts with the building paintingRoom
then the audio backSound plays
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when the character visitor interacts with the furniture platel
then the light globallLighting changes intensity to @
the audio backSound stops
the video video360 plays
when the video video36@ ends
then the light globallLighting increases intensity
the audio backSound plays
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when the character visitor pushes the button videoButtonl

then the video videol changes source to "sea.mp4"

the video videol plays

6 DEVELOPER EVALUATION

s s nooxoug PR W S su s rw s
Mrs rg wg X » »r usefulness r »
usability »oopuUgw »
Procedure. T s w msss fi ffrmprs » firs w Pr PRSK
s SXP® WS mAW W pr ss W rW WS WM XPT P W W s w
r fi W M MW OMOAS WM GrP EALS MW X RN W NgEUS NS W r
prom » PR w
» s m prx s mox x srp W r s w nos W
xfl (s S » ) x w»ap us ng ®oOopUS R W »
X x X rs fi W oews wwox w wg o us WM SS
e » » ws g fliw roug S r ws T s us W swx
» »S » xs before us ng »ug W
» rmwrx [} x PR R S SS X Mg W s m rw
S p wmp T Ss ¥ ne
TIT m»r m»m s pr S supp r  x  fimwg X RR RS
x » ®opUs w4 W W s m sprss T s s rprsms s m
ssufi = m S Wmg WP RN fim wfigar  mp w wr
T T m»rx pwmn s fin w s » ®orAmR W s
rm rom W (s ) T s s rprsms s w
T » s s w »u ¥ ™ ™ W WS w
o » s » (8 Ter W S W S s)
T T pr m®wm s » s s pr »ug W ng key
R i) s ) w x T waws  fim we
reag ru T s s rprsms s w S s™m m™ug ¥ T
PUTP S S W X AAT S W CRI
» s mr P® ®mS ¥ Swu » fr ws mm x
(S Y[4] rm swurwg ff » p oW om
T wr pr wsss fil mg Pps sequs wwor mow wNg S r mMS X m
s ®m pr m sssswg ffrm sw ®rx p wafter us g 0w » s
®rs x » ug » s efficiency w effectiveness g x rg ™ x satisfaction
T i mpr wsss r fingp s x S wss i IR
»r was »oowwor » Srx ngm® WS » » »er
Participants. ® x 1 » w s w s wp weor » R XS W WS
g w TR WX ® xS W r rsw wmgwm m/7x P w »
s X sp oW »oowr rm w sss wms T » mx rom
ff x ff » s ss m
R PPN » S € M s wm W N T r g x ng r w
s (x= x= s=4. )T e "l » X gr
s r gr » 1 P T pPRR Pr W S s g Px PARS 4



Completion Time SMEQ (Effort)

150 +
25:00

20:00 —_— ?

100 +

15:00 .

10:00 50

0 T —
T T2

00:00
T3 T T2 T3

Fig. 11. Task completion time and perceived effort [40]. Highlighted pairs have a significant difference
(Wilcoxon signed-rank test, p <. . We used the Bonferroni p-valued adjustement for repeated comparisons).
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Post-Test
Please rate your satisfaction with the plugin —|:I:I
Please rate the effectiveness in defining templates —|:I:I
Please rate plugin's ease of use —i:l:l
1 2 3 4 5 6 7

Fig. 12. Participants assessment of the usefulness, difficulty and overall usability of the approach. They
assessed the usefulness and the difficulty before and after completing the task. Values are in a 1to 7 Likert
scale.
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A APPENDIX: VR OBJECT TAXONOMY

mOS W sr [ PSw® W » O rw  nNe
moremms wmp sT  ppw wp S g mrx x »r »S mo1
sxp m ff xm g1 s m w » nom s x
s Objects m Behaviourswuswng swp i s s mssuwwars wmT
Objects m Behaviours s r W s M W S ® S WS X S W g
L R T mprx orm(rx ®m s PSS ®s) w L s
s SKTp W W wms » MRS W » oW
®» Object » Character  Scene w Environment Prop Vehicle r wm Interaction w
g mr ) ng NG Object g r s position x w W flgs m
X ®mx m®mg S S » s m xXs wmg S X m m s
nX S X S s rew SHM ®m rsmwm  wmg W X

»
gnmr r ar

ws  Character TPr S M M W >R w x x
roorow woRmoWowS r omx us » rwwmm ( playingfl g)
O S wr o xSsw mS r swu gr s X nNg Animal x
not-Animal  ss fi ® Tgar 1 s s ®S W s x S ss
Character su er s
Environment SKXPr s ®™ B Wm WS wfigur s m u wes
s » ¥ mms by xwres  r o wa Sgar l4s s nS W
S x S ss BMOX RRR S gr s
» Prop er XPprswmgmr S O nOS BmOR W RpU
X xS S 1 Sss s egr s®™m s s rmowr fim ow
sr rpr s W » » R er wps X sr e ng
X Ppr S W » » » sSwg ¥ ns ws Tgur 1 ® s
e rz » »r P rw ng ¥ Weapons g w rowm mamor »
S g WS » s T » B X ORW WS
S r P ™M Ng W Prop s wm W »S ne r WS x
» oW W xS ¥ S X xW r X s
wms passive “x ms m p s ws r Clothing » Rg P W W »

EUDev Type Definition

» ®oow swpp r  au » s rre » s (g s/w
n )
by P rmow wNg rem ™ s
R newa ¥ ng P S
nogr MR g rRws r
Ps =» X ®m s s m® x
) mr r S PS MWW r
m fir we R Tprsw » rorw » » s m
r® r mm wr wgag wswg 1 r<Type, Name>( g
™)
» W r mg SW™ gr S
T S x g
T ma wmr (s wxswmM SS W S)

Table 2. EUDev data types for the object status variables



Fig. 13. Class diagram for the Character sub-category.

Fig. 14. Class diagram for the Environment sub-category.
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Object

+position: Position
+rotation: Rotation
+visible: bool
+active: bool

+Moves(p: Position): void
+Rotates(r: rotation): void
+LooksAt(o: Object): void
+Shows(): void

+Hides(): void
+Activates(): void
+Deactivates(): void

Valentino Artizzu, et al.

Prop
+price: float
( [ 1 A
Clothing Electronic Food Weapon
+brand: string +brand: string +weight: float +power: float
+color: Color +model: string +expiration: Time
+size: string +on: bool +description: string
+weared: bool N N +eaten: bool
+Turns(on: bool): void

+_Wears(c: Character): void +_Eats(c: Character): void
+_Unwears(c: Character): void

( I C

Bullet EdgedWeapon Firearm Shield

+speed: float +charge: int

+Stabs(o: Object): void
+Slices(o: Object): void

+Recharges(charge: int): void
+Fires(o: Object): void
+Aims(o: Object): void

+Blocks(w: Weapon): void

Fig. 15. Class diagram for the Prop sub-category. Actions beginning with an underscore are passive.

Object

+position: Position
+rotation: Rotation
+visible: bool
+active: bool

Vehicle

+speed: float

+Moves(p: Position): void
+Rotates(r: rotation): void
+LooksAt(o: Object): void
+Shows(): void

+Hides(): void
+Activates(): void
+Deactivates(): void

+Starts(): void
+Accelerates(f: float): void
+SlowsDown(f: float): void
+Stops(): void

[

Tt

AirVehicle

LandVehicle

SpaceVehicle

SeaVehicle

+TakesOff(from: Position): void
+Lands(p: Position): void

+oxygen: float
+gravity: float

+TakesOff(from: Position): void
+Lands(p: Position): void

Fig. 16. Class diagram for the Vehicle sub-category.

Video

+source: string
+volume: float

+duration: Time

+playing: bool
+paused: bool
+stopped: bool

+maxVolume: float

+currentTime: Time

+Plays(): void
+Pauses(): void
+Stops(): void

Camera Object
+pov: POV +position: Position
+zoomLevel: float +rotation: Rotation
+playing: bool +visible: bool
+ZoomsIn(amount: float): void —— +active: bool
+ZoomsOut(amount: float): void +Moves(p: Position): void
+ChangesPov(pov: POV): void +Rotates(r: rotation): void

+LooksAt(o: Object): void
+Shows(): void

+Hides(): void
+Activates(): void
+Deactivates(): void

Bounds
+scale: float —

+Scales(s: float): void

+ChangesVolume(volume: float): void
+ChangesCurrentTime(currentTime: Time): void

Interaction

Button

+_Presses(c: Character): void

Light

+intensity: float
+maxintensity: float

Image

+color: Color
+on: bool

+source: string

Text

+content: string

+height: float
+width: float

+Turn(on: bool): void
+Increaseslintensity(amount: float): void
+DecreaseslIntensity(amount: float): void

+ChangesContent(content: string): void
+Appends(t: string): void
+Deletes(t: string): void




Fig. 18. Class diagram for the Behaviour category.
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