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MpdAoyog

H mapovoo dumhopaniky gpyacia mpaypotonomdnke oto miaicia tov Metartuyiokol
[Mpoypappatog Xmovddv ota  ITAnpogopakd Zvompato  tov  Owovopukod
Movemotnpiov ABnvav. To Bépa mov dompaypatedeTarl TpoTdbnke o cuvepyacio Le T
gpevvnTika eviapépovta t6oo tov Owovopuwkod Ilavemotnuiov, 6co kol tov I'oAlikov
IMavemotnuion CNAM (Conservatoire Nationale des Arts et Metiers.) oto TAaicwa Tov
TPOYPARHATOS avtaAilayng @ovmtdv Socrates/Erasmus. To yeyovog ovtd ékave
EMTOKTIKA TNV avaykn, N epyoacia va avortuyfel oy ayylikn yAdcca €10t GOTE va,
vopioTaton pio ko Baomn emxowvoviag, cuvlfmong Kat KPITikig. v eEAANvVIKT YAdooo.
®woT000 TapabéTove TO executive summary Kou pio eKTeVig mepiinyn tov kepaioionv
7oL aKOAOVOOVV, EATILOVTOG VO SLEVKOADVETOL £TGL TO £pYO TOV AVOYVAOGT).

®a 0ela TPOCHOMIKA VO EKPPACH TS EVXAPICTIEG POV Y TN QoEevia Tov YaAAKOD
wavemotnpiov kol tn Pondea twv vaedbuvev kabnyNTOV 6TV 660 TO dVvaTOV Avetn
Kkl xopig mpoPifpata Swpov) pov oto I'oddkd kpdtog. ®a 10sho tédog vo
guyapioTom Ttovg emiPAémovieg koONYNTEG HOL KAl TOV €EWTEPIKO KPITH YO TIG
noldTieg mopaTPficeEl; otn Sopf, TO WEPIEOMEVO KAl TNV WOPOVGIAOT TIG
OIMAOUATIKNG EpYOCiag.

Tevilepdxn Mopia
Defpovaprog 2000

Page -2



Mepirexépeva

IMPOAOTIOX..... R L B e e e 2
THERIEXQ@OMIEIN AW .. ..ol el astsscencsctsstsesssoasessorasssssessassssbotossborensssrssetnsssassoss 43
FXECUTIVE ' SUMMIARLY, oo 5. oo o etcivetase sossatossnssesvosonsesnsrsssebarsotesss s aars s o h s varsco 5
YYNTOMH IIAPOYXIAZH . ............. ARG o A e DR RN 9
SKOMOE KAI ZTOXOI THE EPTAZIAT . ....eeeeeeeeeeeieeieeeeeeeseeseeeeennseseeeseseessasessssesasnosassessannees 9
BAZXIKES ENNOIEZ — SYNOITIKH ITAPOYZIAZH TOY MONTEAOY w.eoeeeeeeeeeeeeeaeeeeaereeenenns 9
SEENARTOINVIODELING. . - oot s sevesohiosessass Esees ssnnnenssoussssnsnnssbess s bes bRt o s s 10
ISR ANINIA TRI KL et oo, o Moo i, s o o oo s e S5 S £ T o s, S o T 11
YAOTIOTHEH TOY ZYITHMATOZ . ..cuiiturnereennererrerenenssrenrasssesssssssssssssnsssessssssessnnsssssessesnnsesens 12
TANS KAI BATEIZ AEAOMENG N ....ttitrtieeieettneetterteensressestttsssessermtnnssessesnnnsasesessennsasssssssnnns 13
TENIKA SYMITEPAIMATA .o eeeeeeeeetiinieeeessttsessettttssnmesseeeennnaassssnnsnnsessesennasssesmmnnaessesnnnnnn 16
SUMMARY .. 17
1. INTRODUCTION .19
CONFENTSE:, Sal ALgh i (S TAR T SR s e e e e B 19
1.1 DISSERTATION’S SCOPE AND AIM ..ccuuuuitiiuiieeeeeteemeaeeseeeeenseessessnunasesessanasessssssnsasasases 19
e R Lo A T I VY D R . e eeweTonnneteen e sesess el o 20
B SN O PSS o e L e T St 21
2. BASIC DEFINITIONS AND ANIMATION MODEL PRESENTATION......... 22
O N 1 S TR e R e e B e e o LT, IE " ool o 22
2.1 ANIMATION. ...ettttueeeeeeeeeeeiieteetseeraessssssserererreeensesssssssssasssssnssnssesssssssssmmmnmnnnnsaassssssees 22
2.2 ANIMATED OBJECTS cetvuuuettttuueeseerusnsesssssseesssssssmsmmeseesmmmnnnsesssssesnssasessesnsssssssssosossesssnns 22
2.3 INTERACTIVE ANIMATION SCENARIO.....ccuuiiiiiiiitieeeeeeieeeeaseereeeeaaeessreneaessssssssnaaseseenns 24
S YN RSIS . .. I s R T 26
3. GRAMMAR SPECIFICATION....cccceteteaeereereersescesessassssssssssscoscosssssnsasssssssssssssssasssssns 28
CONTENTS eeeeeeeeeeeettieesetetuaessestuussesssstemsessermaaaeeeeaeeeanasessesssnnnaaasesssnnsassssesenassssssnnrasesss 28
3.1 GRAMMAR SPECIFICATION PRESENTATION .....cccettrereeeeeeeeneereeeeeesesssesessssessesesssssssnnns 28
3.2 SYNOPSIS ..ttt et e e et ettt eata s —eesseessessaesstssssermenanssnsansnnnnasssasssesssssssssnnnnnnnnns 33
4. SYSTEM ARCHITECTURE......cuucveeinerreenreerseseeseecessessesssessssssssassesssssssssssssssassessosses 34
(CONTENTS .. 1o itwress e o b s sauessssssaiss  sssss s sestoneeennnennsersaenssnnsissedebonnsarenesesa i B 34
4.1 GENERAL TRANSLATOR ARCHITECTURE ....ottttttiteeeeeeeiieeeeeeeseeesteesesssenaaeseseenesessssssnns 34
4.2 TUSER INTERFACE ..covvuuuiiieiiteteeietieseetteaeseereeenaaaeasessennnsaesesssssssesassnnnnsssssssnsnnssssssnnns 35
4.3 LEXICAL ANALYSER ....coiiiiiiitiiiieieeeeeeeettettteeeteeenaennasnasasasesssssssssesseseeenssnsnnnsseesess 35
453 " PARSER 2. . S S . o seeeeseineeseeeraeneesnensoe Sntann. 0000w e e 36
4.3.1 General Parser repreSentAlion................c.oocueieeeeeeeeeseieeeeieeeeeeeeeeeeeeeseeea, 36
4.3.2 Translator abstract QIOTItAM ................c.cccoouovviiiiiciiiiiiiiiieeeeeeeeeeeeeeeeeeeee 37



4.3.3 Scenario examples and produced VRML nodes ..................ccooovcvvcvviiniinnann.. 38

4 4 SYNOPS S e e T T T S T T T T T T T s 53
5. INTERACTIVE ANIMATIONS AND DATABASES ....ccceeeveereeennereeneesees =54
(EONTENITS,. V..., b W o Wk Tl 0 o S s O 00 Lo S B 54
SRIBINIERODU CTION ¥k P s, L LN o O . o W T L LU TR | LR S S fe 54
S MIETH QDO O G i Some S s B el ot i L 50 st i [ it S S 54
5.3 CLASSES ATTRIBUTES AND RELATIONSHIPS ......cccovtiiiiiirimrnesinneisseeseseseeeersesssmesssnsnnnnes 56
5.4 DATA MODEL GRAPHICAL REPRESENTATION ....ccvvuuueiiiriirinereeeeeeeeesserunnaeeseesenansasseses 65
BIIOUERIES S0 U REER Rl o B o el 0 IS SR i, Ve I IS 66
5.5.1 Queries 0n database COMIENLS..................ccceiiriaienieniseeeeseeee e, 66
5.5.2 Spatiotemporal QUETIES..............c..ccccecemeeiieniniiiiieiieiese e 70
YGRSV ORSTS! M S PR o M0 W 0 08t Rt N | N s e | 76
6. CONCLUSIONS AND FURTHER WORK .......ccccocerercrscnmvmvsosnrereressessess 77
APPENDIX A: CODE LISTING........cccceeenaene.e 78
Al. TRANSLATOR MODULE PRESENTATION .....ooutituiumtunieereerereereensererereensassssesseseeseesses 78
A2. LEXICAL ANALYSIS: JLEX INPUT SPECIFICATION FILE ..euuieeiiteeeeeeeeeeeeeeeeeeeeeaevvsnnans 81
ABMPARSER: FAGIONICODE Batd Wi (TN M 1T ST IS T U T ST, s 83
A4. PARSER: DEFINITION OF TERMINAL AND NON TERMINAL SYMBOLS ....covvvvveevevnnnnn. 119
AS. PARSER: GRAMMAR PART OF THE PARSER ..oovvtvetttinineeeeereeeseseseeeeeeeeeeeeseeseeaesasaeaens 121
REFERENCES 130

Page 4



Executive Summary

Yto executive summary 0o Tpoomabfioovue va SGCOVHPE pio GUVOMKT €wdva TV
amotedeopudtov TG epyaciag. H egpyacio anotelel 10 mpdTo Pripe yi v vAomoinom
gvOC OALOKATPOUEVOL GLOTNHATOG oXEdioomg, amobffkevong Kal avakmmong £yypaewy
TOADPECHV OV 6oV POGIKS TOVG XAPAKTNPLOTIKO £XOVV TNV Kivnon (animation) kot Tnv
aAnienidpaon (interaction) (Interactive Animations, IANSs).

Ot yevikég omotioels amd éva 11010 GVoTNHO cuvoyilovial ota akdAovda:

» Ba wpéner va mapéyeTor 6To YXpNotn n dvvardtnra TEPLYpopns evog Interactive
Animation. ITwo ocvykexpuéva o yprotng Ba mpénel va pmopei va opilel aviikeipeva
omwg pio pmdAdo N éva avToKivnTo, VoL TEPLYPAPEL TOVG KAVOVEG UE TOVG OTOIOUG
avtd Kwovvtal, kou vo opiler ta yeyovota mov emmpedlovv TO  YPAPIKA
YOPAKTNPIOTIKA KO TT) GUUTEPLPOPA TOVC.

o Ba mpémer o xpo™G va £xEL TN SVVATOTNTA VA EKTEAEL AVTEG TIG TAPOVOLACELG KAl VAL
BAETEL TO OTTIKO OTOTEAEGHA TNG TEPLYPAPNS TTOV £XEL ODOEL.

o Ba mpémer 0 ypromg va £xel ™ dvvatdtnTa arobnkevons Tovg o Paon dedopévav
Ko TEAOG

o Ba wpémer 0 xpNOTNG Va £EL TN dVVATOTNTO EXEPWTOEMV (quEries) Yo TNV ovaKkThon
TOV TOPOVOWICEDV KAl YW TNV AVIANGTY TOWKIA®V TANPOPOPLOV Kol Kupimg
TANPOQOPLOV oV oyeTilovial pe T OE0TM M TNV KATACTUCY TOV OVTIKEWEVOV KATH
T1 YPOVIKT] SLOPKEW TOV TAPOVCIACEDV (YWPOYPOVIKEG EPWTHOELS).

[Na ™V Kavomoinon TV TopaTdve anaLTHCEMV 610 TAAICLL TNG EPYACING TPOTEIVOVLE
pia véa yYAdooa dnuovpyiag Interactive Animation. Katémv vhomolodue éva pépog 1av
duvaToTNTOV TOL TTPEMEL VO TAPEYEL QLT 1] YADOOQ, divoviag 6To ypiotn TN duvatdtnta
VoL SMHOVPYNOEL TAPOVCLAGELS KAl VO TIG EKTEAEGEL GTNV 006VN TOL LIOAOYLIOTH TOL. XT0.
mAaiolo G epyociag oxedalovue emiong to oxynua g Paong dedopévav £tol GOTE O
XPNOTNG VA EXEL T duvatdTnTa Vo amobnKedoEL TG TAPOVOIAGEL; OV dNMOVPYNCE KoL
TELOG GUVTACOOVLHE TIG EVIOAEG avalTnomng yio TV avAKTINoN TANPOPOPLOV Ao TIG
TAPOVOIAcES OV amoBnkevovtal ot Baomn. Xto onueio oVTO kou Yoo THV KOAVTEPT|
KaTavonon e onpaciag Tov cvotNuatog Ba ddoovpe fva mANPEG TOPAdELYMO TNG
Agrtovpyiag Tov.

Ag vobécovpe 6Tt 0 YprioTNG BEAEL va dnpovpynoel 2 avtikeipeva: éva TETPAYWVO
APOUOTOG KITPVOL KOl CVYKEKPYEVOV dooTdoemy 6T 1, 1 ko pio EMAewyn ypdpatog
KokKivov kot Ouiotdoewv 2, 2. Béder emiong va opicel TG apykég tovg Béoelg oto
onueia 3, 4 ko 7, 8 avtioctoya, evd M kivion tovg Tpocdiopiletar e Baon Tovg Kavoveg
2t, xou 5t + 1y tov d&ova tov X avtiotoya kot 4t + 7 ko St + 5y tov GEova v y.

Me Baon ™ yAdooa mov SNuIovpyNCOUE (KAl TOV T YPAUUOTIKY] TNG UTOPEL Kaveic va

HEAETNOEL 0TO KEPAAMIO 3 TNg EpYOCiog) TPOKEPEVOD VO TEPIYPAYOVUE TNV TAPATAVD
Topovcioot Ba Tpénet va dOoovpE TV aKOAOVON TEPLYpOPT:
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OBJECT SampleRectangle

{

}

FORM

{
TYPE RECTANGLE
POINTS (1,1)

}

GOLOUR L} O

OBJECT SampleEllipsis

{

}

FORM
{
TYPE ELLIPSE
EONNS 2 W2
}
COLOUR 1 0 O

EVENT

START

ACTIONS

SEQ

( SampleRectangle.START( (3,
SampleEllipsis.START ({7,
SampleRectangle.C TRANSLATION (2 TIME + O,
SampleEllipsiS.C_TRANSLATION(5 TIME + 1,

4 TIME + 7) O
5 TIME + 5) 0)

Tnv meprypaen agov v anobnkevcovue o apyeio ASCII (€ot® oto C:\twoObjects.txt)

™ UETAPPACOVUE LE TNV XPTIOT TOV EPYOAEIOL MOG KOL TO OTOTEAECUO. TNG UETAPPAGTS
uropovpue va. to dovpe oe omowdnmote browser mov vmoompiler VRML (10 1eliko

TPOLOV NG HETAPpaotg eivan Eva apyeio VRML).

To epyokeio mapéyel éva moAd amdoé interface. Apkel va dDOOVUE ©G TOPAUETPO TO
HOVOTATL TOV GPYEIOV [E TNV TEPLYPOPT| TNG TOPOVGIACNG OTI YADGSA TOL EUELS EXOLUE
opiogt (script file) ko vo evepyomowcovpe KATOMV TOV UETOPPAOTH MEOH OO TO
KatdAAnio wAfktpo. H dSemagpn mov ypnoyomolodpe @oivetar ©T0 OYAUO 7OV
aKOAOVOEL:
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22 Interactive Animations: Translator
. OhelaNsFileName: |

Message label

7 £ )

| IANTHgnslator |

Y10 onueio avtd Ba TpEnel Av10 givan 10 TANKTPO
vo. OMCOVUE (O TAPAUETPO gvepyomoinong mg
TO GVOUQ TOV aPYEIOV HETAQPACTC

IZxApa 1: H kevTpIkA SIETTAPr} TOU CUCTAPATOS HETAPPACNG

H evepyonoinon tov gpyaieiov yivetar dtvovrag otn ypaupn evioldv tov dos tnv
evioM]: java Translator. To apyxeio VRML nov dnuiovpyeiton maipvel to
npokabopiopévo ovopa IAN.wrl ko tomoBeteitan avtopara otov kardroyo C:\temp.
‘Eva otiypidétumo 10v ogvapiov, otV apyikn 0T YXPOVIKT OTIYUN TOPOLCIALETAl GTNV
086vn oL aKoAOLOEL:

hs—ta_ﬁz&-ﬁ = X = s
E— |

gravity Walk Slide Look

Document Dame: 16 LI 2

#kl LAY | yeoar| Sowu] yscet | sIeee | jJerues| wimn | Cysaio. | e | L gTetn | = e[ M-zj;ﬁ eman
IXAMa 2: ATTOTEAEOHA HETAPPAOTC

A¢ vroBécovpe TOPA OTL O XPNOTNG EXEL ONUIOVPYNCEL UE TN XPNOT TOU EPYAAEIOV Eva
UEYOAO ap1Bud TOPOUOINV TOPOUCIACEWY Kol BEAEL VA AVTATGEL GUYKEVIPWTIKG GTOLYELN
and autég. Etol mpoximtel n avdykn yw amoBrjKkevon tev Tapouclacemv ot Paonm.
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Onwcdfmote 10 vo omobnkevoovue tov mapoayopevo kddika oe VRML dev wpelel
Wuitepa, kabdg dev. givar 1660 £0KOAO Vo OVIACOVUE TIG ANMOVINOEW pog PECH ano
avtdv. Avtifeta 1 mEPLYPOQT TOV Tapovoldoswy pe Bdon tn YAdooa wov opicape pog
Bonbder mpog avth v katevbuvon ywatl eivon capdg mo omAn kel dounuévn. ‘Etol
anodnkedovrag TIg mapovoldoel; o€ pia Bdon pe oxfua o6mwg avtd mov opilovpe oto
kepdlawo 5 (BAéme data model) eipacte oe Béom va dNUIOLPYNCOVUE EPWTNCELS TG
HOPOYG:

s Adog pov OAeC TIS TAPOVOIAGELS TTOV £XOVV KiTpva ovTiKEipeva 1
s AdOE POV OAEG TIG TAPOVOIAGELS TOL £XOVV Ypaptel mpwv Tig 19 - 2 — 2000.

O ypfomg wot6co BAel va aviAfoceEl amd TS TOPOVCIACES TOV TEPIGOOTEPO
gEedikevpéveg TANPoPopieg OTWG:

=  Adog pov ™ 6€om mov €lxE TO OVTIKEIPEVO @ GTNV TOPOVGINCT X KATA TN XPOVIKN
oty 4 1

s A®GCE POV TN YPOVIKT OTIyp1 Katd tnv omoia dV0 avTikeipeva o€ pio mapovsioon
CUVOVTAVTOL EVE TAVTOYPOVA EXYOVV KOKKIVO YPAOLLAL.

AvTtoD ToL £160VG 01 YWPOYPOVIKEG EPMOTNOELS TOPOVCSIALOVV KATOEG 11UTEPOTNTES KOl
amoLTovV TNV TOPOTEPA UEAETT YOP® ONO AT TO YDPO. LTO MEPTTO KEQPGAQO NG
EPYOOIOG TPOTEIVOVUE OCUYKEKPUYEVEG ADCELS £T01 MOTE O YPHOTNG VA MTOpel va
dnuovpyNnoeL TETo0v £I30VG EPOTNOELS.

O pbélog xar M xpnoudTTa EVOC TETOOL GUGTNHATOC Eival TPOPUVIG EGV Bemproovue
OTL AVTEG Ol TAPOVGIACELG UTOPEL VAL APOPOVV TIG TPOYLEG AEPOTAAV®V 1| TAoimv kKA. H
wpoonddeld ovT Eivol TPOYUOTIKG KOVOTOMIKY KaBhg dev €xer emyegpnbel oto
nopehBOv 1 dnpovpyia yYAbooag yw Interactive Animations evd mapdAinia ta vEOLOITO
HOVTELQ TTOV €XOVV TTPOTABEL GTO YDOPO AVTO eV £XOVV TOV TPOCAVOTOMOUG OV epeic
EMOVUOVE Y10 VO OLOKANPDOOVUE TNV TPOCTAOEL PO UECH and TV cOVOEST UE TOV
{DPOo TV Phoemv dedOpPEVOV.
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ZUvToln TTapouciaon

Meté 10 executive summary KpivoupE CKOTHO VO TOPOVCIACOVUE pio EKTEVT TEPiAny™
10V KeQolaimv TG epyaciag ota eEAAnvikd €Tl dote vo fondcovpe Tov avayvhot va
KoTavonoel KoAvtepo To keipevo mov okolovBel. Iapabérovpe emiong pio cdvioun
TEPIANYN OTA AYYAKA.

ZKOTTOG KUl OTOXOI TNG EPYATiag

H epyoacio evtdooetanr oto Aaiowr 00 S10QOPETIKOV EMOTNUOVIKOV TEPLOYAV, TMOV
noAvpécwv Kol Tov Paccov dedopévav. Tkondeg g epyaciog givar va diepguvioetl 10
Kotd moco ot O0Vo avtoi OSwpopetikoi Toueis eivar Svvatdv va CLGYETIOTOVV,
EMIKEVIPOVOVTAG OTIS Tapovoidosls molvpécwv (multimedia presentations) pe Pacika
TOUG YOPOKTNPIOTIKE, TV Kivion (animation) TOV AVTIKEWWEVOV OV CUUUETEXOVV G
avtéc Kot TV oAAnAemidpaoct, t6co petald tovg, 660 Kot pe Tov ypfotn (interaction).
E&otiag avtodv Tov V0 Pacikav yvopiopatov ovopdlovpe Ty mapovciicels mov Oa
amoTEAECOVV ETKEVTPO TG EPEVVAG pag ¢ Interactive Animations, 1 €v cuvtopia IANs

Mo 10 cvoyeTiopd Twv 600 oVTOV TMEPLOYOV oproBetodue TPewg empuépovg Pooikovg

oTOYOVG:

s Tn dnuovpyia yAdooag ywo v meprypaen Interactive Animations. o 70 okond
aVTO TPOYWPOVUE GTO GYENUOUS KL TNV TOPOYOYN TNG KATAAANATG YPOUUATIKAG

= Tnv viomoinon Tev Bacik@v YapaKIPICTIKOV TG YADGCAS, £T0L AGTE 0 YPNOTNG VO,
éxer éva Tpaypatikd gpyaieio dmpovpyiag t€Towwv mapovoidcewv (authoring tool 7
Translator) kot T€hog

s Tn oxediaon gpomoewv (queries) maveo ot mapovotdcels (IAN) nov mopdyovrot
amo o TpoTyovuEVH PROTOL.

o v viomoinon twv otoxev Pociotikape oto Be®@pNTkO HOVTELD TEpLyparic
XOPOYPOVIKOV ovvBécewv mov mpotadnke amd tovg Dan Vodislav kor Muydin
Balipywdvvn oto apBpo tovg pe titho “Generic Object Modelling for Animation
Contexts”, kaBdg gival to poévo mov Ponbaerl o oyediaon YAOGoAS Y tn dnptovpyic
Interactive Animations ev® mopaAAnAa £l coQT} TPOGAVATOMGHO GTN GOVOEST] TMV
TAPOVOIACEDV [E TS Paoelg dedopuévav

Baoikég €vvolEg — CUVOTTTIKI TTOPOUCiACT TOU HOVTEAOU.

Ipwv eEnynoovpe tov tpoémo pe tov omoiov Ba avarTOEOoVHIE TO GUOTNUG Hag Yoo TNV
1KOVOTOIiNoT TMV TAPATAVE CTOX®V KPIVOVUE CKOTLUO VO 0VOADGOVUE OPIoUEVE. OTTO TA
Baowd yapakTnpioTiKa TV Poviélov 6to onoio Pacilopacte.

Onwg €xovpe NOM avoépel 1 Kivnon anoTelel TO YOPAKTNPIOTIKO TOL SLAQPOPOTOIEL TO!
IANs am6 Tig mowileg mapovoudoel; tolvpécmv. H kivnon (animation) xaté cvvénsio
givar xou 170 Baoiké cvotatikd otoryeio Tov poviédov. ‘Etor ov mapovcudcel mov
TAPAYOVIOL ONOTEAOUVTIOL amd KivoOpeva aviikeipevo (animated objects) mov
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oAAAEmSpovv gite peta&d Tovg £ite pe Tov idlo To YprioTn péca omd T0 TANKTPOAOYLO,
10 TOVTIKL KAT.

Ta xwvodpeva avtikeipevo propel va givar eite andd eite ovvleta. Ta amdd avrikeipeva
npocdiopilovion amd t yewpeTpia Tovg (TETpdy@vo, ypapun, EAAEWYT, ToAby®wvo),
0éon TOVG OTO YMPO, TO YPOUA TOVG KOL YEVIKOTEPO TO VAOAOITA YPAPIKG TOVG
YOUPOKTNPIOTIKA, TOVG VOpoug kor to. €idn Tng ovveyodg xivnofg tovg (translation,
rotation, scaling ) Tov E6OTEPIKO TOVG YPOVO (TOTE EpPavifovial 6TV napovciaon, ToTe
OTONATOVV VO sivon EVEPYA KAL), TNV 0patodTnd toug (visibility) kot v katdotaot tovg
av dnhodn eivor evepyd 1 av m kivnom tovg £xel TEPUATIOTEL M| av £XEL GTAPATHOEL
TPOCOPLVA.

Koté ocvvémewo 1 ypoppatiky g yYA@ooog mov OKOTELOVUE va dnuiovpyncovpe Ba
TPENEL VO OPIOTEL PE TPOTO MOTE va MAPEYETAL GTO YXpNotn 1 Svvatdmra va opilet
T€1010V £idovg amAd avtikeipeva. EmmAéov Ba mpémer va divetan 1 dvvatdto opiopod
ko ouvOeTov aviikeyévov. 'Eva ocbvOeto avtikeipevo meprypdoeton pe ta ido akpifag
YOPAKTNPIOTIKA OTOG KAl T0 anAd aAld meplhapPaver emmAéov pio Aiota pe 1o amid
OVTIKEILEVA TTOV TO GLVOETOLV.

To poviého 1éhog kdver avo@OPE OTI CLUTEPIPOPE QAVTAV TMOV AVTIKEUEVOV Kol
npocdopilel Tig Pacikég Tovg AsiTovpyieg: start Yo TV apYIKOTOINGT TV OVIIKEWEVMV
otn Béom mov opilel 0 xPNoTNG, pause resume Kat stop yw Tov EAEYY0 NG KATAGTUCNG
TV avTikeWévoy, translation, rotation, scaling, color yw v xivnon ko ™) petaforn
TOV YEQUETPIKAV 1] YPAQIKOV XOUPAKINPIOTIKDOV TOV AVTIKEIUEVOV KAT.

Scenario modeling

Zav gndpevo Pripa mpv ™ dnpovpyia TG KATAAANANG YPORUATIKNG Eival 1) EMAOYT TOL
TpOTOL e TOV 0ToioV o1 YPNOTEG Ba PTOPOVV VO TEPLYPAPOVV OAEG TIG TAPATIAVED EVVOLEG
KOl Vo TG OLVOEOLV HETAED TOVG Yo TNV MapAymyn mapovoidcemv. Me Aiya Adyo Oo.
TPENEL VO ATOPAGICOVUE GTT) SOUN TNG APNPNUEVIG TTEPLYPAPTS TOL Ba diver o ypfoTNC.
I' avtd 10 oxomd godyovpe tnv £vvoln tov oevapiov. To oevdplo Pondaer Tov yprio
VO TEPLYPAYEL TT] CUUTEPUPOPA TMV AVILIKELUEVOV TOV CURUETEXOVV GTNV TAPOVCINGT) Kol
amoteAeiton and empépovg eviorég (statements). Kabe evroln tov oevopiov £xst pio
ovykekpluévn dopn kou amoteheital amd yeyovota (events), cuvbnkeg (conditions) kon
dwdwaoiec 1 Opaoceg N mphaEec (actions). Me ™ ypfon TV YEYOVOTOV KOl TGOV
ouvONKOV pPTOpovHE TALOV VO YEIPICTOVHE GMOTEAECHATIKG Kou TNV aAAniemiSpaon
(interaction) Tov OTWG TPOAVAPEPAUE aMOTEAEL TO Oe0TEPO PaoIKd YAPAKTNPLOTIKO TOV
TOPOVCLACEMV OV SLOTPAYHATEVOUOCTE.

‘Eto1l évag ypnotg Y va meptyplyel TANpag pia mapovoioon apkei vo ddoel pia
QQALPETIKT] Kot dounpévn meprypapn tov aviikelpévov (objects) mov cvppetéyovy o’
avtiy, TOV YeYovoT®mv mov cvpfaivovy, T@V cuvBnKOV Tov 16HovY TPOKEEVOL Vo
gvepyomoin@ovv Ta YEYovoTa Kol TEA0G TV dpAcemv, TNG CLUTEPLPOPAS dnAadh TV
AVTIKEWEVAOV OTOV KATO0 YEYOVOS CUMPaivel. i
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FpappaTiki

"Eyoviag peletfioet oe Pabog Tig EVVOlEg TOV LOVTIEAOD Kol TOV Gevopion, N Topaywyr g
ypappoTikig eivar To emdpevo Prua. X ypoppotikh opiCovpe £va JAN wg 10 ovoro
TOV OPICUADV TOV GVTIKEWEVOV TOV COUUETEXOLY G 0VTO KoL TOV oevapiov Tov opilel ™
GUUTEPLPOPE TOVG.

IAN ::= objects scenario;

H mepiypagn tov avukewévov sivar wuwitepa amdf kot dounuévn, to ido kar 0
TEPLYPAPT] TOV YEYOVOT®V TV GUVONKAV KAl TV dpAcEDV.

Ta yeyovota to ywpilovpe ce amid ka1 ovvBeta. Xta amid yeyovota opilovue to

axoAovoa:

» T'eyovota mov mpoxvmTovy amd v aAAniemidpaon pe tov ypnot (user interaction
events)

» T'eyovota mov mpokdTOLY AMO GAAOYT) TOV YOPOKTNPIOTIKOV €VOG OVIIKEWUEVOD
ommg Yo Topaderypa To xpdpa (intra object events)

s T'eyovota mov TPOKOLATOVV Ad TNV aAANAETidpacT HETAED TV avTKEWEveVY Onmg 1
cuvavtnon Toug (inter object events)

» Teyovota mov gygipovior pe v TApodo Tov ¥pdévov, m.y, yeyovota tov cvufaivovy
070 TPiTO AENTO TNG TAPOVGIACTS

= Toa obvBeta yeyovoTa mov opilovial amd TN YPOUUATIKY ATOTEAOVVTOL 0T S1APOPOLS
GLVOLAGOVE TOV TOPATAVE ATADY YEYOVOTMV

Me avtictoyyo 1pémo m ypappoatkn opiler emiong Tg ocuvOnkeg (conditions) mov

yopilovtar og anhéc ko ovvOeTes. Ot amiég cvvBnkeg ympilovia og:

= YuvOnkeg katdotaorng (state conditions) Omov €AfyyeTonl av TA YAPAKTIPIGTIKE
YVopicpata evog avTIKEWREVOL eival peyaldtepa, pkpodtepa N oa pe pia Tiun

= YuvOnkeg oAANAETiOpaong avTiKEWEVOV 6oL EAEYXETOL KaTd TGO dVO avIiKeiteva
KOVOTOL00V OPIGHEVES YWPIKES GUVOTKES Kot TELOG

s XUVOKEG XPOVIKEG OOV EAEYYXETOL 1) TLUT] TOV XPOVOU.

O olvOeteg oLVONKEG aMOTEAOVVTAL GO TOV CUVOLACSUO TOV amA®V cuvBnkdv pe ™
¥pNoN Aoykdv tedestdv dniadrn Tov OR kar tov AND.

To tekevtaio pépog twv evioddv kabe cevapiov amoteheitar amd TG dpaoel; N TPaLLlC
(actions) mov ovolacTikd opilovv T cvumepiPopd tov avukewévav. Ot apaéec mov
opifovtal o1 YPOPROTIKY OVIIKATOTTPILOVV aVTEG TOV TEPLYPAPOVTIAL GTO HOVTIEAD OTG
start, stop, hide, show, continuous transformation, continuous rotation xAm ot
ovvdvalovtar petad toug g oxolovbia mpafewv pe dPopd KATOWV YPOVIKOD
Ao TANATOG,.
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YAoTroinon Tou GUCGTHHATOG

O enduevog otdYOC TG epyadiag givon 1 mapoyyn epyoieiov mov va pmopel va 6éxeton
TV QQUIPETIKY Kol Sopnpévn meptypa@t piag mapovsiaong amd Tov xpnoTn Kot va
TaPAyEL tio EKTEAEGIUT HOPPN TG TEPLYPAPTIG QVTTG.

To epyaleio omotersiton amd Tpelg eMpEPOvg evotTTeg, T Oema@n| (user interface), to
rexticd (lexical analyser) ko Tov cuvtaxTiké avaivth (parser). H eicodog (input) oe
avTd T0 GVOTNUE Eival 1] TEPLYPAPT| TNG TOPOLGINCTS OO TOV xpncm OUHQMVA LE TN
YPappaTiKn, oe éva anid apyeio ASCII.

To amotéheopa (output) g emefepyaciog eivar éva VRML oapyeio mov pmopei va
exteleotel oe onolovonmote browser vroompiler avtd 1o mpdtomo. H VRML (virtual
reality modelling language) kpibnke ¢ 10 TAEOV KATAAANLO TPOTVTO Yo TN HETAQPPAON
™G MEPLYpaPNG Tov YpNot oe exteréolpuo format Ad0yw TV GUVATOTAHTOV TOV TAPEXEL.
To apygio mov dnpovpyeitar and to cvommua £xel Tov Tpokadopicuévo titho IAN kot
kotdAnén wrl, (IAN.wrl) kot tomofeteiTan 6TOV KATAAOYO temp TOL VIOAOYIOTY).

H Siema@n o€ auti TNV £K6001 TOV CLCTHHATOG OEV TAPEYEL CNUAVTIKEG EVKOAIES 6TO
pRot Ontwg Y mopaderypa ™ Svvatdtnra dNiwong twv avuikepévov pe drag and
drop texvikn, aAAd amAdG TOL EMTPENEL VA OJADGEL TO GVOUA TOV APYEIOL GTO OTOi0 EXEL
amofnkedoel ™MV TEPLYPAP TOL Cevapiov. XTn GUVEYEID TO CUCTNUO UETAPEPEL T
TEPLEYOUEVO. TOV apyeiov oTo AekTikd avaivty 6mov avayvopiloviar Ta cOpuBora Tng
yAdoocog kot evromilovrar mBava ocvviakTikG AdOn. Xy mepimteorn g amovoiog
OUVIOKTIKOV AaBdV TO TPIYPAppa TPOY®PE GTN GNUACIOAOYIKY avAAvoT Kat Yo, KGO
EVTOAT] TOV Yp1ioTn Snpiovpyeitan 1) xatdAAnin é£0dog oto apyeio VRML. H petdappacn
TV EVTOADV TOL Ypriot o VRML yivetan pe Bdon ovykekpiuévous aryopifpovc.

210 KOP0 PEPOG TNG EPYOCING KL CUYKEKPLUEVO GTO TETAPTO KEPAAULO TOV ACYOAEITAL
HE TNV QPYLTEKTOVIKY] TOL GUGTNUATOG EENYOVUE UE TN HOPPT) YELOOKMOKA TG aKPPDS
dovAevel o petagpactg (translator). EmmAfov mapabétovpe éva TAnbog mapaderyudtov
nov g€nyodv TN Aoyikn pETAPpacTg TV EVIOAGV Tov Ypnotn oe VRML kopupoug. ITo
OoLYKEKPLUEVA Tapovo1alovTal ot ahyoptBpot Snuovpyiog TV avIIKEIMEVOV TOTOL:
moparlinidypapov (rectangle)

EMewyng (ellipsis)

Ypapupung (line)

moAvydvov (polygon) ko

OpLAdOC AVTIKEWEV®V (group)

[Moapdiinia eEnyovvral mog akppdg dnpiovpyodvial ot kOuPor oty aepintmon tov
mouse click event, kol g VAomo0BVIOL 01 TPGEEl; oV cupmeptAauPdvovtol 6° avTH
v ékdoom Tov gpyadeiov, ol mo Pacikég amd TG omoieg eivan ot

start yio. TV Tomo0£tnon TeV avIKEWEVOVY Tov £xovy 1161 dnuovpynBei.

Discrete Translation ywa 0 S10KpLTH LETUTOTION TOV OVIIKEWUEVMV

Continuous Translation ywo ™) cvveyf peTatoémon Kot

Continuous Rotation yio ™ cvveyn TePIGTPOPT KAT
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Tig mpdieic (actions) Popovpe va TG GLUVOEGOVUE PETOED TOVG KOl VoL SMLLOVPYNCOVUE
£101 TEPIGGOTEPO MOADTAOKA GEVAPIL. ETO TELOG TOV KePaAaiov mov acyoreitan pe Ty
QPYLTEKTOVIKT) TOV CLOTARNTOG divovial mapadeiypata VAOTOINGONG TOPOVCIECEDY OTMG
oL

1. Anmovpynoe éva naporinidypapo ueyéBoug 1, 4 kar xpduatog kéxkvov. Opioe v
apykm Tov 0éom oo onueio 3, 2 Tov ydpov mov Ba apyikonomndel. Otav o xprioTng
YTUTAGEL € TO TOVTIKL AV OTO QAVIIKEIUEVO, TOTE TO tsrpaymvo fa mpémel va
uetotomobei oty Béon 2, 1.

2. Anuovpynoe 600 moparinidypoppa peyébovg 1, 4 xai 1, 3 xou xpOUATOG KOKKIVOL
K1 TPAoIvov avrtiotoya. Apyikonoincé ta onig Béceig 3, 2 xou 1,1 x €nerra 6tav o
ypRotng kaver click pe 10 movtikt maved 6’ avtd ToTe T0 KGOBe éva Ba mpémer va
Kwvn0ei pe Paon Tov vopo 2t + 5 ya Tov d€ova Tov X kot t + 3 yia Tov aEova TV y.

3. Anuiovpynoe éva opboydvio mov petd o mouse click va petatomiCeton pe féaon tov
Kovovo, 2t + 5 yio tov dEova Tov X kot t + 3 yio Tov d€ova TV y EvA TapdAAnAL vo.
nePLoTpEPeTaL pe Béor Tov kavova 2t + 2.

Kat 6T1g Tpeig Topandve TEPITTMCELG 01 TAPOVCIICELS TPOKVTTOVV amd TV cbvleon Tav
TopayOUEVOV KOUPoV £T01 GoTe TO amotéhecpa va gival Aeitovpyiko. Ilapdpotov thnov
TOPOLCLACELS Eival duVATOV Vo KaTaoKeLacovue opilovtag aviikeipéva Supopmv TOTmV
Kot divovtag o€ auTd TOKIAEG CUUTEPLPOPES.

IANs ka1 Baoeig dedopévwy

Onwg N éxovpe avaeépel o Pacwkdc oTOX0G TG Epyaciog sivar va diepeuviosl
duvatdétnta ovvdeong tov Vo emomuovikdv mepoydv (Baoelg dedoptvev kot
molvpéca) oty mepintwon Twv Interactive Animations. Me v évvown avti 10
teevtaio KePaAalo g epyaciog eival icwg 10 Mo oNpavikd. v Tpocndbela avtr 0
010%0G €ival vo EVTOTICOLUE TG GMOLTICELS Y10 EPMOTIOES TAV®O OE TETOOL €id0VG
napovodoelc. H évvowr tov oevapiov poag Ponbdet mpog avt v korevBuvom.
[Mopatnpodpe 6T1 péoa amd TNV TEPLYPOPY] TOV XPNOTN UTOPOVUE VA AVIATICOVUE
TOWKIAEG GTOTIKEG MANPOPOPIEG OTMG YO TAPAOEIYHA TO YPAUO EVOG AVTIKEWWEVOD OTV
apyn ™G Tapovsiaong, mv apyikn Tov 8éon KAn. BAénovue dpumg 6T ywa tétotov €idoug
TAPOVOIAcES MOV To. VO Pacikd TOVG YAPOKIMEWOTIKG eivar 1 kivion kou 1
alAnenidpoon vrapyer emiong avaykn yw dvvouwkés epotioes. H pehétn pog
emopévag Ba Tpénel vo dMoEL amaviioelg oto akdhovba 800 epoTuata:
v Tlowg eivar o1 otoTikég emep@TAOEIS (queries) MOV MPEMEL VO, OYESIAGOVUE Yo TNV
dvTinon TANpoeopLOV Ao TIC TAPOVOIACELS.
s Tloweg eival o1 duvapikég enepmToelg Tov Oa TPENEL va TXENAGOVUE Yo TNV GvTAnon
TANPOPOPLOV KATA TNV EKTELECT] TOV TAPOVOLAGEWV.

INo Tov eviomopd twv otoTikGV enepwtioeny Paciidpacte 6nwg sivar erakdAovdo ot

YPOLUOTIKT] TOV GYEGIACTNKE GE TPOTYOVUEVO KEPAAUIO GAAG KOl OE OPLOPEVEG EVVOLEC
TOL CLVAVTOUE 6TV Bewpia TV YOpoYpoviKAV BAcemv dedofiévov. BewpdvTog avtd To
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otoyeio Snuovpyodue éva poviého dedopévav (data model) Bocilopevor otov
QVTIKEILEVOOTPaQT oxedacud (object oriented database theory).

To povtého mov mpokvrTel TEpLapPaver pia oeipd amd kKAdoew mov cuvdéoviar petatd
T0V¢ oOpPOVe pE TG oxEoelg mov opilovioan amd v b ™ ypappatky. O1 mo
OTUOVTIKEG TOPAYOUEVEG KAAGELS Eivat ot

» Class IAN mov meptypa@et To YEVIKG OpaKTnpIoTIKA TG K4Be mapovoiacng, dniadn
70 6vVOud, TOV ¥PNoTN 7OV TN SNIOVPYNOE, TNV NUEPOUNVIR OV dnpLOVPYNBNKE, TO
GUVOAO TOV OVIIKEWMEVOV OV GUUUETEXOLY G’ QUTIV, KOl TO GUVOAO TMV EVIOADV
7oL 0pilovV TNV CLUTEPLPOPE TOV AVTIKEILEVMV.

= Class IANobject mov meprypaper avrikeipeva. Kabe avrikeipevo ovvdéetar pe v
TOPOVGINGT otV OToie AVIKEL, VR GUVOEETAL EMIOTG ME TOL YEYOVOTO QOTAG NG
TOPOVGINCNG OTa OTol0. CUUMETEXEL, TG OLVONKeg kar T mpalewg 1N Opdoel.
Mopddnho kabe avtikeipevo avtig g Tagng dwtnpel otoyeia oxeTkd pe Ta
Baocwkd TOV YOPOKTINPIOTIKE OMWG TOV TOMO Tov, Ta onueia mwov opilovv v
YEQUETPiQ TOV KAT.

Katd avtiotoyo 1pdémo dmAdverar kot 1 KAGOM 7OV TEPLYPAPEL TG EVIOAES TWV
TOPOVOLICEMV KL OV ATOTEAOVVTOL COUP®MVO LE TN YPOUHATIKT antd yeyovota (events),
ocuvOfkeg (conditions) kar mpateg (actions). Ov vméloumeg KAAGE TOV HOVTELOV
CUUTATIPOVOLV THV TEPLYPUPT] KAl GUVTIEAODV otV TANPN anobikevon Tov oevapiov.
‘Etot evtomilovpe g khdoelg yeyovog (class event), odvBeto yeyovdg (class complex
event), cuvonkm (class condition), cdvBetn cuvbikm (class complex condition), Tpdén
(class action), amin) Tpa&n (class simple action) kot T€Aog KAAGES OV TEPLYPAPOLY TNV
Ka0e amin mpa&n Eexwpiotd (class start action, discrete translation, discrete rotation,
discrete scaling, discrete color changing, continuous transformation , continuous
Translation, continuous Rotation xAm). 10 néunto ke@dioo g epyaciog diveton pio
TOAD KOAT YPOQIKN TEPLYPAPT) TOV KAAGEWV OV CLVIGTOVV TO HOVIEAO dedopivev Kot
TOL TPOTOL OV AVTEG GVLVOIEOVTOL LETAED TOVG £TGL DOTE O AVAYVAOCTNG VO, ATOKTNGEL pio
TEPLOGOTEPO OAOKANPOUEVT EIKOVA TOV CYAHATOC.

ITavo o’ avtd 10 oynpo Pacilopacte Yo va SOCOVHE OTAVINGT GTO TPATO EPMTNMA,

dnAadn T eidovg otatikég epwTOEL; anatteital vo oxedGToOV Yo éva TETOW0 GVOTNUO.

Ovopdlovpe v katnyopio auth TV EPOTNCEMV, MG EPMTICELS TAV® GTO TEPIEYOUEVL

™g Baong (queries on database contents), kot KotomY eKQPALOVUE TOKIAL TOPOSELyLOTO

avTOV Ypnowonoudviag to ovvraktikd e OQL (object query language). Opiopéva

TAPUSELYLOTA OTOTIKOV EPOTNCEMV Elvat Ta akoAovda:

» Avolrtnoe ta avtikeipeva Tov cupueTéyovv o€ pia mapovsiacr pe 0 Gvopa £6Tw
“name”

= Avalnmoe T eviorég and T omoieg amoteieitoan pia mapovcicon pe 10 Gvoua
“name”.

s Ava{nTNoE AVTIKEILEVO UE CUYKEKPLUEVO GVOLQ

s Avalnmoe Tov TONo EVOG AVTIKELEVOD

s Avalnmoe ta onpeio ov Tpocdiopilovv Tov TOMO evOg avTiKEEVOD

s Avalntmoe 1o TEPLEYOUEVE EVOS AVTIKEYLEVOD
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s Avalfnoe 10 YpOUL EVOG AVIIKEIUEVOD
«  Avo{fimoe ta avuikeipeva Tov cuvhETouv éva avTiKEipeEvo o mepintwon mov avtd
givat ovvOeTo.
»  Avalfimos to 6vopa, Tov ¥pioTT Kal TV nuepopunvia dnuovpyiag plag tapovociacng
OTNV 07010 CUUUETEYEL £VO OVTIKEILEVO
s Avalfmnoe Ta yeyovoTa LE TO 0010 GUVOEETOL VA AVTIKEIPEVO
s Avalimnoe tig Tpateig mov opilovv T CLUTEPIPOPU. EVOC AVTIKEIUEVOD.
s Avalnnoe avTikeipeva Tov EXoVV KOKKIVO Yphua
s Avalnmnoe avtikeipeva Tov £Xovv £va GUYKEKPUEVO TOTO.
[TapOUOLEG EPWTTOELS LTOPOVY VA YTIGTOVV TAV® GE OAEG TIG KAAGELS TOV GYNHATOG HE
™m xpron OQL kxou pe otéx0 mavtote TV GvtAnon design time TANPOPOPLOV Yo TIG
TOPOVCIAGELS TOV SNULOVPYOVV O1 YPNOTEG.

O1 dvvapukés ep@TNOEL; B TPEREL VAL IKAVOTIOOVV TTEPLGGOTEPO TOAVTAOKES OTALTHCELG.
21 depedvion ovTdv TV anuthoswv Topatnpovps 6Tt n OQL mAéov dev pag fondast
VO, EKQPACOVLE TETO0V €I00VE SVVAMIKES EPWOTNCELS KL ENOPEVAG Oo Tpémer va opicovpe
vées dopég Yo v emitevén avtov Tov otdyov. ‘Etot kivovpevol péoa 6’ avtd to mhaiclo
0o e€eTaoovpe TpdTa Tpla EMPEPOVG BEpata.

«  Thv avaykn yio OmapEn vEoV YOPIKAOV KAUT YPOVIKAOV TEAECTOV

s« Tov 1pémo pe Tov 0OMOiOV UTOPOVUE VO EVEGOUATOCOVUE GTH YADGCO EXEPOTHCEDV TA
YVOPICHATA TOV KIVOOUEVOV AVTIKEIUEVOV, 1 TN TV onolwv aildler kotd tnv
dupkeln EXTELEONG TG TapovoLioTg (Tpdkettan Yo To Aeyopeva runtime attributes)
Ko TELOG

= Tnv gykvpdmra ¢ mopadosiokiic dopng yw exepmtioelg dniadn e SELECT..
FROM..WHERE

Agpevvavtag kGOe £vo om0 TO TOPATAVE EPOTIUATA KATAATYOUUE GE OTUAVTIKG
CULUTEPACUATA.
2g oyéon pe Toug TEAEOTEG drakpivovpe TV avaykn yut Vtapén Tov:

= Meet mov eréyyel katd mdco dVo avrnikeipeva £xovv Kowva onueia 1 OxL.

= Unmeet Tov eAéyyer katd ndc0 dVo avrikeipeva givar Eéva peta&d tovg

= Overlap mov eAéyyel Katd mOG0 dVO avrikeipeva EX0VV KOWEG TEPLOYEG Kat TEAOG
= Distance mov vroroyiletl tnv andotaon petald d0o avTIKEIEVDY

2e oyxéon pe tov tpoémo dyeipong twv RunTime attributes evromilovue v avéiykn
vnapéng cvvaptioenv mov Bo Exovv TV duvatdTa va EMOTPEPOVV THV aKolovdia
TIUDOV TV duvapikd eEEMocOUEVOV YVOPICHAT®OV KaTd T SidpKelo TG eKTELEONC pog
napovcioons. 'Etor yio va vmoloyicovpe 10 ypodpa evdg avtikepévov ot pia
CUYKEKPIUEVT XPOVIKY] OTyun] OpKeEl vo YPNOOTOWGOVUE OTNV  EMEPDOTNOT TN
ovvaptnon colourOf(object). Avtictoryeg cvvaptioelg opilovtor yia dha Ta yvopicpata
Tov petafdilovrar Suvapkd.

Télog ko o€ OTL AVAPOPA TNV ENAPKE TNG TAPASOCLOKTG 80ung SELECT .. FROM ..
WHERE rapampolpe 6T-pio dwapopornompévn dopun) 6a propovoe va pag Pondricet va
Eexmpicovpe Tov xpévo, 10 MO ONUAVTIKG (GMG KOUUATL TOV SUVAPIKOV ETEPOTHCEMY
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omd Tig vmohoweg cuvOnkes (conditions). Etol oy khacw select npochétovpe Eva

axépun pépoc, o when clause. to when clause g véag doung opilovue Oheg TG

YPOVIKEG EXPPAGELG IOV GYETIOVTON UE TG GUVOTIKEG TOL Where.

H ypfion tov when oAld xor OAwv Tov vrélowmev ctoysiov pag Bondael va va

gkppdoovpe kaOe mbavn duvapkn epdtnon. Etol 1o tedevtaio pépog tne epyaciag eivar

APLEPOUEVO GTNV TOPOVGIACT] SUVAUIKDY EXEPMTICEDV O TTO CNHAVTIKEG 070 TIG OTOIEG

givai ou:

= Avolfimoe av dYo avtikeipeva covavtiodvtor katd v Sidpkewa g extéleong evog
IAN.

s Avalfmoe ov 800 aVIKEIUEVO CLVAVTIDVTAL KATA TNV SGPKELD TNG EKTEAECTIG EVOG
IAN otov yp6vo 4.

s Avalimnoe avikeipeva mov £XoVV KOKKIVO YPMOUQ T1) GTIYUT| TOV GUVAVTIOUVTOL

s Avalhimnoe av éva avTIKEPEVO £XEL KOKKIVO YPOUA AVEUECH GTO YPOVIKO ddoTnua
10 xon 15.

= Avalfnoe tn Ypovikn oTIyUn Kota Ty onoia §vo avrikeipeva covaviovat.

= AvalAmoe t 0éom evOg avTIKEWWEVOD OE pict GUYKEKPIUEVT XPOVIKT] GTLYU).

»  AvalAmoe Tov TPOCAVATOAMOUO TOV OVIKEWEVOL OF Mie CUYKEKPUEVT] YPOVIKN
oTypn.

s Avalnmnoe v an6oTooT JV0 AVTIKEWEVOV TNV XPOVIKT otiyum 4 N T€hog

= Avalfmnoe avTikeipeva mov Kotd o Ypovikd didotnpa 10-15 €xovv yovia ion pe 90
Hoipeg xal xpodUo KOKKIVO.

Fevika ouptrepacHaTa

KAgivovtag ™ ovvioun avty mopovoioon oto eAANvikd mopabétovpe okéyelg Kai
CUUTEPACUATA TTOV TPOKLATOVV aO TN CLVOAIKN peAétn tov Bépuatos. Ta PBacikdtepa
0QEAN amd TNV evacyOANcT| pHog pe TOo ovykekpyévo BEpa eivan 6Tt mAéov Exovpe pia
oo ewéva NG TANPOPopiag mov givar YPNGIUO Vo AvIANCOVHE and TETOWL £idoug
napovciaces. H mhnpopopia avth £xer katnyopronomBel (otatikn, dSvvapukn kKAm) své
TopaAAnia £xovv mpotabel moukileg 10€€g Y10 TOV TPOTO UE TOV OTOIOV UTOPOVUE VA TV
avtifioovpe. EmmAéov mpoteivetan yio mpdTn Qopd pio yAdooa yw tn dnuiovpyia
T€t0100 €idovg mopovodcewv. Enduevo eivor éva tétoo ovomua va omotehei pia
OTUOVTIKN TPOCTABEID OV TTOPG TIG ONUAVTIKEG EALEIYEIS TOV, nag 0dnyel o wEEAua
CLUTMEPAGLLOTA Y10 CVTO TO XDPO.
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Summary

This dissertation is placed at the intersection of two fields, multimedia and databases.
Dissertation’s basic aim is to propose an integraded system for storing, retrieving and
manipulating presentations consisted of interactive animated objects (Interactive
Animations). For that purpose we suggest a language for creation of Interactive
Animation, and a data model where we can store information about them. The basic steps
to achieve these goals are:

s To design a grammar specification for the language we propose

« To create a translator able to produce Interactive Animations written according to the
new language

» To design a database schema and queries upon Interactive Animations

To implement these steps we use a model proposed by Dan Vodislav and M. Vazirgiannis
[Vodislav-Vazirgiannis 1999]. We think this model is the most powerful because its
major characteristics are:

« simplicity and
= orientation to databases

The model defines animation and all the basic notions related to it. The definitions are
given according to the specific 2D animation model that it is adapted as base for the
authoring and querying environment. The model define Interactive Animations and
animated objects also. It distinguish between simple and complex objects. It defines the
notion of coordinate systems, explains the difference between local and global
coordinate system and discuss the difference between run-time and database status.
Finally the model presents the basic methods related to simple or complex objects
behavior.

System grammar is based on the scenario modelling results also. In dissertation, we
propose a scenario structure, appropriate for Interactive Animations based on ECA rules
(events conditions actions rules). ECA rules help introducing interaction to the language
we intent to implement. According to the model and the ECA rules we build grammar
specification. Grammar specification is even the most important part of our work as it
will be the foundation for the translator and the queries design. In this specification all
notions related to animation are included in a simple and declarative way. There is a
structured presentation of objects and their behaviours and interaction is introduced using
events and conditions. Translator uses as input this grammar in order to implement real
scenarios.

Translator consists of three major objects: user interface, lexical analyzer and parser.
Lexical analyzer is responsible for lexical analysis of the presentation written in our

language while Parser is responsible for translating user description in a executable
format (VRML).
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The last step to our system implementation is data model and queries designed on this
model. Trying to find out what kind of information we want to extract of Interactive
Animations we classify queries in two groups: static and spatiotemporal queries. We
investigate also the ability to query on the run time characteristics of an Interactive
Animation. We explain what we need in addition to the standard OQL to express queries
on dynamic data and we present the most important questions of the spatiotemporal

category. ;
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1. Introduction

Contents
1.1 Dissertation’s scope and aim
1.2 Related Work
1.3 Synopsis

1.1 Dissertation’s scope and aim

The dissertation is placed at the intersection of two fields, multimedia and databases.
Before describing dissertation’s basic aim we consider important to explain in a few
words these two different concepts and the relation between them.

Multimedia is the new way to present simple or complex information to the end-user,
with a friendlier and more real manner. From the user’ s perspective multimedia means
that computer information can be represented through audio and/or video in addition to
text, image graphics and animation. [Steinmetz 1995]. Multimedia spread became
possible due to the great advances in information and communication technologies.

On the other side, the database is the basic and the most important element of an
information system. For many decades databases support every kind of activity in the
organisation and are related to many different systems: management information,
operating and network systems as examples. As a natural result the new area of
multimedia systems need a database support as well. We must have the opportunity to
store manipulate and retrieve not only text or other discrete data but also audio, video,
images and animation information. The requirements of the database support are even
more complex when we have to put the different mono — media objects together on the
same multimedia document, such as complex multimedia presentation, interactive WWW
pages, animation and 3D Worlds [Vazirgiannis-Sellis 1998].

The scope of the dissertation is exactly that new scientific area of multimedia database

management systems It is concentrated on multimedia presentations using animation so

called Interactive Animations (IAN). We start by trying to implement a simple IAN

authoring environment. We mention that the implementation of an authoring environment

system is often a hard work. Hence for the creation of an IAN editor we need to do the

following discrete steps:

e To define a simple declarative Interactive Animation model.

e To design and implement a graphical user interface in order to have a user friendly
authoring tool.

e To create a translator of an Interactive Animation to a rendering environment.

This dissertation is based on an existing interactive animation model (see paragraph 1.2)

and tries to produce a grammar specification and a translator of Interactive Animations
according to that specification. The specification must be configured in such a way so
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that it will be easier afterwards to connect the produced Interactive Animations with a
database. In other words dissertation will cover only the last step of the authoring
environment creation procedure, previously described. Design and implementation of a
graphical user interface require too much time and effort to be treated in this dissertation.
We leave this part for future work.

The second part tries to investigate the database issues related to Interactive Animations.
Based on the Interactive Animation scenario model and the produced grammar
specification, we explore the following issues:

e Expressing a data model for Interactive Animations

e Defining queries on database contents in order to extract static information about
Interactive Animations, the participating objects and their spatial and temporal
relationships.

e Defining queries not only on the database contents but also on the run-time objects
behaviour.

All these database issues represent a new and very challenging research field. Our goal is
to explore in general level the database representation, storing and retrieval of IANs.

1.2 Related Work

In order to design and implement an Interactive Animations authoring environment we
need a simple and generic model of animated behaviour as it has been mentioned above.
By browsing in the bibliography we can find a large amount of papers proposing models
for animation. (see References Papers — Technical reports about other animation models)
However these models are specialised and define animation according to the application
they are interested to. Hence these models can’t be used as a basis for the creation of
interactive animation multimedia presentations and database-oriented applications.

The dissertation will be based on the model proposed by Dan Vodislav and Michalis
Vazirgiannis in the paper “Generic Object Modelling for Animation Contexts”. This
model seems to have all the characteristics needed to become the foundation of an
authoring environment system and of the queries design. It is simple, generic, object and
database oriented, in other words it has the most important attributes in order to help us
model and implement an Interactive Animation description language and to design
queries upon these Interactive Animations. We describe in detail this model in chapter
two.

Another important influence to this dissertation is the work that has already been done in
the area of Interactive Multimedia Documents. We can find in the bibliography, a model
for the description of Interactive Multimedia Presentations (IMDs), an implementation
effort of an authoring environment [Vazirgiannis 1997] and a complete database oriented
approach [Vazirgiannis-Sellis 1998]. In these papers authors explore multimedia
presentations consisting of mono media objects such as text, image, video or sound
connected in a way so that the whole composition has a sense as presentation. The user
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writes a scenario, (a composition with definitions of the participated multimedia objects,
their spatial and temporal relationships, and actions as results of user interaction with the
multimedia presentation (like mouse, button click etc.)) and then translates this scenario
to an executable format. The execution’s result is an interactive multimedia presentation
upon which we can query and extract information. In fact this work triggered the idea for
the creation of Interactive Animations authoring environment.

From Interactive Multimedia Documents (IMD) related work, we have adopted the
notion of scenario modelling and the notion of events. Events play a critical role as they
trigger animation transformations and enable user interaction. We have then formulated
these notions according to our animation model and theory. The influence from the work
in the area of IMD is obvious in some analysis and design decisions, as we will see in the
following chapters.

In the database section, we are influenced by [Guting and al. 1998]. This team presents a
foundation for representing and querying moving objects. Some of the aspects of this
work are really very important for the classification of queries on Interactive Animations
that we are trying to do.

1.3 Synopsis

The introduction chapter describes the basic aims of this dissertation. We summarise
these aims in the following table.

Pl (re v SIONWS x S 2 G bl —d 2,

s Define a language and design a grammar specification in order to
give user the opportunity to describe Interactive Animations

= Create a translator able to produce Interactive Animations according
to the grammar specification and the user instructions.

= Design queries upon Interactive Animations.

Table 1: A brief description of dissertation basic aims
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2. Basic definitions and animation model presentation

Contents
2.1 Animation
2.2 Animated objects
2.3 Interactive Animation Scenario
2.4 Synopsis

2.1 Animation

As mentioned in the previous paragraphs, the most important characteristic of our model
is animation. An Interactive Animation presentation consists of animated objects in
contrast to Interactive Multimedia Documents where objects are static and without
motion.

But what exactly animation is? Looking at a dictionary we will find the literal definition:
To animate something means to bring it to life. Animation covers all changes that have a
visual effect. Visual effects can be of different nature. They might include time-varying
positions (motion dynamics), shape, colour, transparency, structure and texture of an
object (update dynamics), and changes in lighting, viewer position, orientation and focus.
Having in mind this physical description we can now define the computer-based
animation, we are interested to, as animation performed by a computer using graphical
tools to provide visual effects [Steinmetz 1995]. Consequently we can give a general
definition of Interactive Animation presentations (IAN) as presentations consisting of
animated objects, providing to user various ways of interactivity.

We have now a clear idea of what animation and Interactive Animation presentation is.
The next step in order to have a deep understanding of the model is to define animated
objects that are participating in the presentation.

2.2 Animated objects

Animated objects are the main elements of the animation model, and they can be either
simple or complex. The model gives a clear definition for simple objects as follow:

Iq-..!.-l PR £ R

A simple object is a tuple (Form, Sp, Gr, CT vis, as, it), where Fﬁt;%r‘n denotes the
object’s form, Sp its spatial status, Gr the graphical status, CT its current continuous
transformations, vis the current visibility status (vis = true means visible), as is the
object’s activity status (active, suspended or idle) and it its internal time.

Table 2: Simple animated object definition

In other words a simple object has as major attributes:
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» The form: Form is the combination of geometry and its contents. By using the term
geometry we mean its type as line, rectangle, ellipse or polygon, and a group of points
that define the object’s form.

s The spatial status: It consists of the object’s position in the IAN, its angle and it’s
scaling factors.

» The graphical status: Graphical status is described by the color, the line style, the
line width, the filling style, the filling ratio etc. In this first implementation version we
are interested only to the color but in the future we will treat other attributes as well.

s Continuous transformations: They are defined for translation, rotation and scaling of
an object, and for the continuous changing of the color and can be fully described
giving the transformation law as a function of time. The effect of a continuous
transformation depends on the private transformation time and the transformation
activity status. The activity status of a continuous transformation shows if a
transformation is currently IDLE (no current continuous transformation exists),
SUSPENDED (continuous transformation has been started and is currently paused) or
ACTIVE (continuous transformation has been started and is not currently paused).
Private time of continuous transformation starts from 0 each time a new continuous
transformation is started and flows only when transformation’s activity status is
ACTIVE and when the object’s activity status is active.

=  Visibility: It is the attribute that defines if the object is shown or not in the Interactive
Animation.

" Activity status: Activity status is ACTIVE when the object is instantiated in the
Interactive Animation, became suspended when the object is paused and is ACTIVE
again when the object is resumed. Notice that object’s and continuous
transformation’s activity status are two completely different notions

* The internal time: Internal time finally is a time related directly to the object, starts
when the object is instantiated and flows only when object activity status is ACTIVE.

Simple objects may be grouped together and form complex objects. As an example a car
can be defined as a group of three different simple objects: two ellipsis (the wheels) and a
polygon (the car’s body). The interesting point in complex objects is that each part of the
group can have its own transformation while the group has its own motion law but
according to semantic and spatial constraints. A complex object definition is presented in
the following table:

A complex object (group) is a tuple (Form, Sp, Gr, CT, v1s, as, it, Comp) contalnmg
the same elements as a simple object, plus Comp=[oj,.....04] the group’s list members,

which may be simple or complex objects

Table 3: Complex object definition

After describing the object form and the object’s major characteristics we have to
position it to the IAN. A coordinate system must be defined for this purpose. As the
model is 2D a coordinate system definition is the following:
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A coorcﬁnate sysfem (CS). Iw1th1 a 2D space 1s defined by a reference pomt (the ongm
0), two orthogonal rays starting from O (the x and y-axis) and a metric system M =
(ux, uy), where uy, uy > 0 define the unit length for each axis.

Table 4: Coordinate system definition

Object geometry is defined in the local coordinate system (LCS) while object position to
the IAN is defined in the Global Coordinate System (GCS). The local coordinate system
of an object is a CS created when the object is instantiated within the IAN. Initially, its
origin is the object’s reference point, the orientation is parallel to the GCS and the metric
system is (1, 1). For each object within an IAN there is a unique CS called the parent CS
of the object. For simple objects, the parent CS is the GCS, but for group members this is
the LCS of the group. The spatial status of an object is expressed relatively to the parent
CS.

Another significant point to remark in the model is that some of the previous attributes or
elements constitute the run-time status while some others constitute the database status.
This distinction is very important, as we are interested not only to the authoring
environment creation but also to the design of a database schema for supporting this
authoring environment. So the run-time status completely describe the object at any
moment of its animation while the database status of an object includes all the elements
that describe the object as an independent entity out of any IAN.

At last the model defines various methods related to the simple and complex objects

behavior. The most important simple object’s methods are:

e start: Start method instantiates the object at a specific position in the IAN and defines
its initial visibility.

e pause, resume, stop: These methods modify the object activity status.
translation, rotation, scaling, color: This group of functions apply the geometric and
graphical transformations to the objects and finally

o hide, show: These methods hide and show the object

For a group object the model provides the same methods as in the simple objects,

defining also the following additional methods

e parent: Parent method returns the parent of the object or a special void value if there
is no parent.

e add member: This function adds a new member to a group.

e remove_member: This function removes a member from the group and finally

e destroy: Destroys an object or a group.

2.3 Interactive animation scenario
In order to put together all notions described in the previous paragraph we need to model

a scenario. A scenario describes an animation. It is a list of “stages”, each one consisting
of one or several actions. The scenario also indicates the objects participating in each
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“stage” and the spatiotemporal relations between them. One of the basic dissertation’s
aims is to configure a more detailed IAN scenario model adding the notions of events and
conditions inside it and to produce the relevant grammar specification. Using this
specification we will then build the translator.

Influenced by the scenario modeling already done in the multimedia documents authoring
system, we find meaningful to adjust the notions of events, conditions and actions in the
Interactive Animation too. Therefore we refine the previous scenario definition, and we
define scenario as a list of statements (“stages” according to [Vodislav-Vazirgiannis
1999]) where each statement is an ECA rule (event, condition, action rule).

The ECA rule structure is really very powerful because it gives an easy way to define
interaction and to model different behaviors. Defined in the scientific area of active
databases an ECA rule is a statement consisted of three different parts: events (E),
conditions (C) and actions (A), and their connection is implemented according to the
following form:

On event if condition then action

According to [Vazirgiannis-Boll 1996] “an event is defined as an instantaneous
happening of interest”. Additionally an event is caused by some action that happens at a
specific point in time and may be atomic or composite. In the multimedia literature events
are not uniformly defined. Events are defined differently depending on the multimedia
application where they are used. In Interactive Animations we define event as:

“An event is raised either by a user interaction action, by the change in the value of an
object attribute, by the interaction between two or more object, or by the IAN timer.
Event has attached a temporal instance and can be processed then by a procedure
defined to handle this kind of events”

In this abstract definition a temporal instance is a time value calculated using the
beginning of the interactive animation as a reference point. The previous definition
probably isn’t mature enough but at least is a first approach to event definition in the area
of Interactive Animations.

In [Vazirgiannis-Boll 1996] we find also an interesting event classification approach for
multimedia documents. We find important to do the same in Interactive Animations. So
we define the following groups:

e User interaction events: These kinds of events are caused by the interaction between
the user and the JAN. Such events can be mouse events (mouse click, mouse drag,
mouse release etc) or keyboard events which are generated each time a user presses
or releases a key.

e Intra object events: In Interactive Animations intra object events are defined as
events that are recognised due to a change to some specific attributes of the objects
participating in an IAN (visibility, colour, position change etc)
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o Inter objects events: Such events take place when two or more objects are involved
in the occurrence of an action of interest and are raised if spatial and/or temporal
relationships between two or more objects hold. The meeting of two different objects
in an Interactive Animation is an example of Inter Objects Events.

e Complex events: Complex events results from the combination of the previous
described, so called simple events (user interaction, intra and inter objects events).
We can combine simple events using various different ways in order to produce
complex events. In our scenario modelling we adapt the following operators:

1. e= ANY(k, el,...,en): This event occurs when at least any of k of the events
el,....en occur.

2. e = SEQ(el,....,en): This event occurs when all events el...en occur in the
order appearing in the list.

3. e = TIMES(n, el): This event occurs when there are n consecutive
occurrences of event el.

This classification will be our basic reference for the production of event part in the
grammar specification.

Events are probably the most important elements of an ECA rule as an action can be
triggered only by the occurrence of an event. But conditions also play a significant role.
Even if an event is occurred, the ECA rule condition must be fulfilled so that the action
that follows, take place. Conditions can be related to the internal status of the object
(position, colour, activity status etc) but also to the occurrence of some topological
relationships (as meet, disjoint etc). An abstract definition for condition can be the
following:

“Conditions represent predicates that can be evaluated to true or false and thus affect
accordingly the execution of related actions”

At last actions are the final part of each ECA rule and they are usually methods applied to
the object in order to create different behaviors. Transformations, rotation, translation,
scaling are example of actions that must be modeled in the scenario.

2.4 Synopsis

The second chapter defines animation and all the basic notions related to it. The
definitions are given according to the specific 2D animation model [Vodislav-
Vazirgiannis 1999] that it is adapted as base for the authoring and querying environment.
In this chapter we define animation, Interactive Animations and animated objects. We
distinguish between simple and complex objects. We define the notion of coordinate
systems and we explain the difference between the local and the global coordinate
system. We also discuss the difference between run-time and database status and we
present the basic methods related to simple or complex objects behavior. The last part of
the chapter is dedicated to the scenario modeling. In order to describe animation, a
scenario must be written. We propose a scenario structure, appropriate for Interactive
Animations based on ECA rules and we finish the definitions by further explaining
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events, conditions and actions as ECA rule components. Having in mind all this
theoretical background it is easier now to produce an appropriate grammar specification
for Interactive Animation.
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3. Grammar Specification

Contents
3.1 Grammar specification presentation
3.2 Synopsis

3.1 Grammar Specification presentation

Grammar specification is structured according to the basic animation’s notions and
defines Interactive Animations in a strict way. Hence IAN is defined as the sequence of
objects and a scenario attached to these objects.

IAN ::= objects scenario;

Grammar specification presentation 1: IAN definition

Each object has a name as identity and is fully described by its point list, its type
(accepted types are LINE, RECTANGLE, ELLIPSE POLYGON and GROUP), its
contents (contents can be a text, a bmp file etc) and its colour (in r g b format). If the
object is of type GROUP then it must also contains a composition of other objects (so
called children). The objects part of grammar specification is next presented:

objects ::= object objects | empty;
object ::= OBJECT object name OPBRAC form colour
composition CLOSEBRAC;
object name ::= STRING;
form ::= FORM OPBRAC geometry contents CLOSEBRAC;
geometry ::= type point list;
type ::= TYPE type value;
type_value ::= LINE
| RECTANGLE
| ELLIPSE
| POLYGON
| GROUP;
point list ::= POINTS points;
points ::= point points | empty;
point ::= OPARENT coord x COMMA coord y CLOSEPARENT;
coord x ::= NUMBER; =
coord y ::= NUMBER;
contents ::= CONTENTS contents value | empty;
contents value ::= FILE file name | contents name;
contents name ::= STRING; -
file name ::= STRING;
colour ::= COLOUR r g b | empty;
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r = NUMBER;

g ::= NUMBER;

b ::= NUMBER; )
composition ::= COMPONENT OPBRAC objects CLOSEBRAC | empty;

Grammar specification presentation 2: Objects definition

At this point we must mention that the point list has only one element in the case of
rectangle and ellipsis. In case of line and polygon the point list can have as many points
as the user defines and in case of group the points describe the position of every child in
the group, so the number of points in the point list is the same as the number of children
in the group.

A scenario is defined as a sequence of statements and each statement is an ECA rule, so
is consisting of event, conditions and actions.

scenario ::= statements;
statements ::= statement statements | empty ;
statement ::= event conditions scenario actions;

Grammar specification presentation 3: Scenario definition

Events can be simple or complex. According to the events classification in chapter two a
simple event can be a user interaction, intra or inter object event. We also introduce the
notion of time events to capture events that are raised when the animation time takes a
specific value. User interaction is related either to a specific object or to the interactive
animation in general, and can be expressed by a mouse click or by a keyboard press. Intra
object events are expressed by a change in the value of the basic database and runtime
attributes (colour, contents, visibility, activity status, internal time, position, angle and
scaling). Inter object events are triggered when a special topological relation between two
object takes place. In the case of our model we found that only meet (the instant when
two objects meet one the other) and not meet (the instant when two objects don’t have
common points) have sense in Interactive Animations. Time events include the start event
or a time expression. Complex events finally are defined according to the definitions
given in the chapter two.

event ::= EVENT event description;
event description ::= simple event

| complex event; 2
simple event ::= user interaction event

| intra_ object event
| inter object event
| time event;
user interaction event ::= user action
| object name POINT user action;
user action ::= MOUSE CLICK '
| KEYBOARD PRESS;
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intra object event = object name POINT COLOUR IS r g b
| object name POINT CONTENTS IS STRING
| object name POINT VIS IS vis_value
| object name POINT AS IS as_value
| object name POINT IT IS it_value
| object name POINT POS IS pos_value
| object name POINT ANGLE IS
angle value
| object name POINT SCALE IS

scale_value;

vis _value ::= TRUE | FALSE;
as_value ::= ACTIVE
| IDLE
| SUSPENDED;
it value ::= NUMBER;
pos value ::= OPARENT pos x COMMA pos_y CLOSEPARENT;
pos:x : := NUMBER;
pos_y ::= NUMBER;
angle value ::= NUMBER;
scale value ::= OPARENT scale_x COMMA scale_y CLOSEPARENT;
scale x = NUMBER;
scale y = NUMBER;
inter object event HH relation OPARENT parameters
CLOSEPARENT;
relation ::= MEET | NO MEET;
parameters ::= object name COMMA object name;
time event ::= START | TIME IS NUMBER;
complex event ::= ANY OPARENT count COMMA simple events
CLOSEPARENT

| SEQ OPARENT simple events CLOSEPARENT
| TIMES OPARENT count COMMA simple event
CLOSEPARENT;
simple events ::= simple event simple events | empty;
count ::= NUMBER;

Grammar specification presentation 4: Events definition

The next part in an ECA rule is conditions. A condition can be simple or complex.
Simple conditions are defined as a set of expression using equality or comparison
operators. These expressions may be true or false. Complex conditions are constructed
using simple conditions connected with OR and AND operators.

conditions ::= CONDITION condition_descriptioh | empty:;
condition description '::= simple condition

| complex condition;
simple condition ::= state condition

| inter object event
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| time condition;
state condition ::= object_name POINT COLOUR
) equality operator r g b

| object name POINT CONTENTS equality operator STRING
| object name POINT VIS equality_ operator vis_value
| object name POINT AS equality operator as_value
| object name POINT IT comparison_operator NUMBER
| object name POINT POS comparison_operator pos_value
| object name POINT ANGLE comparison_operator

angle value
[ objecE_name POINT SCALE comparison operator

scale _value;

equality operator ::= EQUAL | NOT_EQUAL;
comparison operator = EQUAL
| NOT_ EQUAL
| GREATER
| LESS
| GREATER THAN
| LESS_THAN;

time condition ::= TIME comparison_operator NUMBER;
complex condition ::= or_condition AND or condition
| simple condition AND
simple condition

| or_condition
| empty;
or condition ::= OPARENT simple condition OR
simple condition CLOSEPARENT;

Grammar specification Presentation 5: Conditions definition

The last part of the grammar specification is actions. Similarly to events and conditions,
actions can be simple or a sequence of simple actions. An action is always related to an
object. Between the most important actions we distinguish discrete transformations
(discrete rotation, translation or scaling) as well as continuous transformations
(continuous translation, rotation and scaling).

scenario_actions ::= ACTIONS actions description |
NO_ACTION;

actions_description ::= simple_action | sequence action;

simple action ::= action object name POINT method;

action object name ::= " STRING;

method ::= START OPARENT action pos value COMMA

action vis value CLOSEPARENT
| STOP OPARENT CLOSEPARENT
| RESUME OPARENT CLOSEPARENT
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| PAUSE OPARENT CLOSEPARENT
| HIDE OPARENT CLOSEPARENT
| SHOW OPARENT CLOSEPARENT
| ADD MEMBER OPARENT object_name CLOSEPARENT
| REMOVE MEMBER OPARENT object_name
CLOSEPARENT
| DESTROY OPARENT CLOSEPARENT
| transformation;
transformation ::= discrete transformation
| continuous transformation;

discrete transformation ::= TRANSLATION OPARENT pos value
CLOSEPARENT
| ROTATION OPARENT angle value
CLOSEPARENT
| SCALING OPARENT scale value
CLOSEPARENT
| COLOR_CHANGING OPARENT r g b
CLOSEPARENT;
continuous transformation ::= TRANSLATION OPARENT
transformation name COMMA law COMMA law
CLOSEPARENT

| ROTATION OPARENT law CLOSEPARENT
| SCALING OPARENT law COMMA law CLOSEPARENT
| COLOR CHANGING OPARENT law COMMA law COMMA law
CLOSEPARENT;
| STOP OPARENT transformation name CLOSEPARENT
| RESUME OPARENT transformation name CLOSEPARENT
| PAUSE OPARENT transformation name CLOSEPARENT
transformation_name ::= STRING;
law ::= constant TIME PLUS constant
| constant TIME MINUS constant
| constant TIME;

constant ::= NUMBER;
action pos value ::= OPARENT action pos_ x COMMA
action pos y CLOSEPARENT;

action pos_x = NUMBER;

action pos y = NUMBER;

action vis value ::= TRUE | FALSE;

action_scale_value ::= OPARENT action_scale x COMMA

action_scale y CLOSEPARENT;

action scale x ::= NUMBER;

action scale y = NUMBER; -

sequence_action ::=.5SEQ OPARENT simple actions CLOSEPARENT;

simple actions ::= simple action dt simple actions |
empty; =3

dt ::= NUMBER;
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empty ::= ;
Grammar specification presentation 6: Actions definition

3.2 Synopsis

Grammar specification is even the most important part of our work as it will be the
foundation for the translator and the queries design. In this specification all the notions
related to animation are included in a simple and declarative way. There is a structured
presentation of objects and their behaviours and interactivity is introduced using events
and conditions. Translator uses as input this grammar in order to implement real
scenarios.
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4. System architecture

Contents
4.1 General translator architecture
4.2 User Interface
4.3 Lexical analyser
4.4 Parser
4.5 Synopsis

4.1 General translator architecture

Translator consists of three different components:
e User Interface.

e Lexical Analyser and

e Parser

Input to the system is the Interactive Animation description implemented according to

the grammar defined in the previous chapter. Interactive animation description can be a

simple ASCII file (simple_scenario.txt as an example).

Output of the system is a file that can be rendered to a browser supporting VRML

(Virtual Reality Modelling Language). VRML is a 3D-file interchange format [Carey

1997]. It defines most of the commonly used semantics found in today’s 3D applications

such as hierarchical transformations, light sources viewpoint, geometry, animation, fog,

material properties and texture mapping. Some other important VRML’s characteristics

are:

e VRML is also a 3D analogue to HTML and serves as a simple, multiplatform
language for publishing 3D Web Pages and

e VRML provides the technology that integrates three dimensions, two dimensions, text
and multimedia into a coherent model

As a 3D format VRML provides the majority of structures necessary for the implementation of

our 2D-animation model. It will be also easier in the future to integrate our animation mode! with

some basic 3D notions. The output is a file with the extension wrl and with the default name IAN

(IAN.wrl) Before explaining each of the three translator components in detail, it is useful

to give a simple graphical representation of the system in the figure below.

User Lexical
Interface Analyzer

Parser

Input

e - ———

Figure 1: General Translator Architecture
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4.2 User Interface

As we have already mentioned above the user interface doesn’t provide at this moment
any important facility (like drag and drop, ability to reuse objects etc). It is a simple Java
window with a text box for receiving the input filename, a label for displaying any
message raised during execution time and a click button that activates lexical analyser
and parser components. The user interface form is presented in the figure below.

B3 Interactive Animations: Translator =]

HELD L—_-.._ M T e

Figure 2: User Interface

User Interface is defined in the Translator.java module of the system. This module is
responsible not only for receiving the description filename but also for implementing the
connection with lexical analyzer and the parser. Translator module code is presented in
Appendix A Code listing, Al: Translator module.

4.3 Lexical Analyser

IAN Translator is actually a compiler as it takes an abstract user description according to
a grammar, then gives semantic to this description and finally generates code. According
to the compiler’s theory the two major parts are the lexical analyser and the parser.
Parser is presented in the next chapter.

A lexical analyser breaks an input stream of characters into tokens. Writing lexical
analysers by hand can be a tedious process, so software tools have been developed to ease
this task [Berk 1997]. Perhaps the best known such utility is Lex. Lex is a lexical analyser
generator for the UNIX operating system, targeted to the C programming language. Lex
takes a specially formatted specification file containing the details of a lexical analyser.
This tool then creates a C source file for the associated table-driven lexer.

As Translator is written in Java we need a similar to Lex, lexical analysis tool. JLex is the
most famous tool for this purpose. The JLex utility is based upon the Lex lexical analyser
generator model. JLex takes a specification file similar to that accepted by Lex, then
creates a Java source file for the corresponding lexical analyser. The following figures
present the whole procedure in a graphical way.
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Lexical rules

JLex

¥

Jlex_Output.java

Figure 3: JLex input and output

Lexical rules for translator are written in the specification file Translator_Jlex.txt. The
contents of the specification file (the lexical rules for translator) are presented in
Appendix A: Lexical analysis: Jlex input specification file.

4.3 Parser
4.3.1 General Parser representation

Parser is the third and the most important component of the Translator. As with the
lexical analyser, there are tools that automatically creates the parser code according to a
specification file. Yacc is the most well-known Unix tool for parser creation and as Lex it
generates code in C programming language. For creating the translator’s parser we will
use the Java Cup tool. CUP is a system for generating parsers from simple specifications.
It serves the same role as the widely YACC and in fact offers most of the features of
YACC. However, CUP is written in Java, uses specifications including embedded Java
code, and produces parsers, which are implemented in Java. The following figure
presents how Java Cup is used.

Grammar rules

Java Cup

v

Parser.java
Sym.java

Figure 4: Java Cup Input and Output

Grammar rules are described in the Java Cup specification file (Translator JCup.txt). The
specification file is divided in three basic sections:

o The action code presented in Appendix A, A3 Parser: Action code
e The definition of terminal and non terminal symbols presented in Appendix A: A4
Parser: Definition of terminal and non terminal symbols and finally

e The grammar presented in Appendix A: A5 Parser: Grammar part of the grammar
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The action code part is the most important section of the whole system. Actually in this
part functions that do the translation into VRML are defined. Translator doesn’t provide
full functionality yet. Till now translator is able to:

1. Create all object types

2. Starting the objects in the Interactive Animation

3. Provide the simplest interactivity by using the mouse click event and

4. Implementing continuous and discrete transformations

Translator logic and design is presented in the paragraph that follows.

4.3.2 Translator abstract algorithm

Using the natural language with a more structured way we will try to present how
translator works:

1. For each object defined by the user in the IAN
1.1 Extracting from IAN user description all object’s parameters.
1.1.1 Extracting object name
1.1.2  Extracting object type
1.1.3 Extracting object point list
1.1.4 Extracting object contents
1.1.5 Extracting object color
1.2 Assign objects parameters to an object of the class scenarioObject
1.3 Put created scenarioObject in the Object List
2. For each statement defined by the user in the IAN
2.1 Create object statement
2.2 Assign event parameters for each event connected to this statement
2.3 Assign condition parameters for each condition connected to this
Statement
2.4 Assign action parameters for each action connected to this statement
2.5 Assign statement in the statement list
Opening VRML output file
For each object in the object list create the suitable proto node
For each object in the statement list create the suitable VRML node
Close VRML output file

Figure 5: An abstract algorithm representing how transiator works

O

From the previous algorithm we can understand that the main goal of the translator is to
create the right nodes in the output files. This can be sometimes a very complicated task.
To do that we use as basic data structures a list of objects, and a list of statement each one
holding elements about objects and ECA rules. Next paragraph show various examples of
simple scenarios and VRML nodes created by the translator as a result of the previous
process.
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4.3.3 Scenario examples and produced VRML nodes
4.3.3.1 Creating simple objects

There are five different types of simple objects that the translator must be able to create:
rectangle, line, polygon, ellipsis and group. An example definition of a rectangle is
presented below:

OBJECT <Name>

FORM ({
TYPE RECTANGLE
POINTS (<x _coord>, <y cbdord>)
CONTENTS FILE <contents filename>

}
COLOUR <r> <g> <b>
}

Figure 6: Rectangle definition

Parameters in this definition are expressed by using the < and > symbols. The user gives
the real values and Translator uses them in order to create the real object in VRML. For
creating a rectangle, parameters are the object name, the type with value RECTANGLE,
the point list which in the case of a rectangle needs only one point (defined by x_coord
and y coord values), the contents defined by contents_filename parameter and the colour
expressed in r g b format. For this object definition, Translator defines a prototype
creating a PROTO node. This prototype can be then used during the scenario part of the
Animation. The produced PROTO node is the following:

#VRML V2.0 utfs
PROTO <Name>{ ]
{
Shape {
geometry Box { size <x coord> <y coord>
0.0000001 }
appearance Appearance {
material Material {
diffuseColor <r> <g> <b> }
texture ImageTexture { url
<contents filename> }
}
}
} #end of RECTANGLE prototype

Figure 7: Code produced by Translator to create a rectangle.
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Notice that in order to create a 2D object, as rectangle is, using the 3D environment of
VRML, we select the geometry Box node giving at z parameter a very small value. The
same logic of prototyping is used for the creation of ellipsis. A sample definition can be:

OBJECT <Name> {
FORM
{
TYPE ELLIPSE
POINTS (<x coord>, <y coord>)

}
COLOUR <r> <g> <b>

Figure 8: Ellipsis definition

In this scenario we can see that in order to define the form we need only one point.
Parameters are expressed, as in the rectangle definition. The PROTO node produced by
the translator for the ellipsis definition is the following:

#VRML V2.0 utfs
PROTO <Name> [ ]
i
Transform ({
rotation 0 1 1 3.14
scale <y coord>/2 11
children Shape {
geometry Cylinder { radius <x coord>/2
height 0.00000000001 }
appearance Appearance {
material Material { diffuseColor <r> <g>
<b> }
}
}

}
} #end of ELLIPSE prototype

Figure 9: Code produced by Translator to create an ellipsis.

Notice that in order to produce an ellipsis, Translator uses a Transform node. Changing
the scale attribute (by dividing y_coord by 2) it defines the first radius. The second radius
is defined by using the attribute radius in the geometry cylinder node and assigning to it
the x_coord/2 value. Cylinder is a 3D object. So in order to produce an ellipsis we have to

assign a near to zero value to the height attribute. Appearance and Material nodes are
created in order to assign color to the ellipsis.
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An example for line creation is presented in figure 10. The parameters here are: the name,
the point list that defines the line and the color. The point list can have more than one,
values. For example, if line is defined using two points, that means that this line is
consisted of two line segments.

OBJECT <Name> {
FORM {
TYPE LINE
POINTS (<x1 coord>, <yl coord>)
(<x2 coord>, <yZ2 coord>)

(<xn coord>, <yn coord>)

}
COLOUR <r> <g> <b>

Figure 10: Line definition

The code produced by the translator is presented in figure 11 below

#VRML V2.0 utfs
PROTO <Name> [ ]
{
Shape {
geometry IndexedLineSet ({
coord Coordinate { point [
<x1 coord> <yl coord> 0
<x2 coord> <y2 coord> 0

<xn coord> <yn coord> 0
L
coordIndex [ 0 1 .. n -1 ]
colorsColiored colal [Sr>N<g-S=GEil:
colorPerVertex FALSE
}
}
} #end of LINE prototype

Figure 11: Code produced by Translator to create a line

Translator in order to define line uses the geometry IndexedLineSet. In the coordinate
node we define the points assigning to the z axe the zero value. Color is also assigned in

the appropriate node: Next object is polygon. An example definition for polygon is
presented below:

OBJECT <Name> {
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FORM {
TYPE POLYGON
POINTS (<x1_ coord>, <yl coord>)
(<x2 _coord>, <y2 coord>)

(<xn_coord>, <yn coord>)
} -
COLOUR <r> <g> <b> }

Figure 12: Polygon definition

The produced PROTO node uses the IndexedFaceSet geometry and creates a coordinate
node inside using the points given to describe polygon form. Translator according to a
specific algorithm connects these points and creates the polygon faces. The VRML file
produced is presented below:

#VRML V2.0 utfs8
PROTO <name> [ ]
{
Shape {
geometry IndexedFaceSet {
coord Coordinate { point point |
<x1 coord> <yl coord> 0
<x2 coord> <yZ2 coord> 0

<xn coord> <yn coord> 0 ]
}
coordIndex [
<create all the possible points combinations> ]
color Color { color [<r> <g> <b>,..
<r> <g> <b> n times]}
colorPerVertex FALSE
}
}
} #end of POLYGON prototype

Figure 13: Code produced by Translator to create a Polygon

Notice that in coordIndex field we must assign all the possible combinations of points
given putting —1 as terminal point each time. For example if we have 4 points we must
create the following combinations: 012 -1,023-1,013-1and 123 1.

The last example for object’s creation concerns group of objects. We show an example of

a group definition using parameters. The group is consisted of n children so it has n
points definition in the field points.
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OBJECT <Name> {
FORM {
TYPE GROUP
POINTS (<x1_coord>, <yl coord>)
(<x2_coord>, <y2_ coord>)

(<xn_coord>, <yn_coord>)
}
COLOUR <r> <g> <b>
COMPONENT { OBJECT <Child Namel> {
FORM {
TYPE <Child Type>
POINTS < point 1list >
}
COLOUR <r> <g> <b>
}

OBJECT <Child NameZ> {
FORM {
TYPE <Child Type>
POINTS < point list >
}
COLOUR <r> <g> <b>

OBJECT <Child Name n> ({
FORM {

TYPE <Child Type>

POINTS < point list >
}
COLOUR <r> <g> <b>

Figure 14: Group definition

The produced VRML PROTO node is the following:

#VRML V2.0 utfs
PROTO <Child Namel> [ ]
{

<creating the PROTO according to the object type>
} #end of childl prototype
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PROTO <Child NameZ2> [ ]

{
<creating the PROTO according to the object type>

} #end of child2 prototype

PROTO <Child Name n> [ ]

{
<creating the PROTO according to the object type>

} #end of child n prototype

PROTO <Name> [ ]
{
Group {
children [
Transform {
translation
<x1 coord>, <yl coord> 0
children <Child Namel> {}
}
Transform ({
<x2 coord>, <yZ2 coord> 0
children <Child Name2>{}
}

Transform {
<xn coord>, <yn coord> 0
children <Child Name n>{}

Figure 15: Code produced by Translator to create a group of objects

The translator logic is to create different PROTO for each child and then use these
PROTO to define the group and position of the children inside the group.

4.3 3.2 Producing code for events

Defining objects is the first step to create an Interactive Animation. Next step is to give
them a behavior by translating the user given ECA rules. To trigger this behavior we have
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to create events. Start event is usually used to position objects in the IAN space. Mouse
click event is also implemented and for instance is the only event that can trigger a
sequence of actions. Start event can be declared as:

EVENT START

in the scenario definition and is used only to mark the beginning of the Interactive
Animation.

Mouse click event is defined as:
EVENT <Object Name>MOUSE_CLICK

To implement mouse click translator creates a touchSensor node giving a definition to it
so that it will be easier to create various routes afterwards. The produce node has the
following format.

DEF TOUCH<Object Name> TouchSensor { enabled TRUE }
4.3 3.3 Producing code for actions

Going to the most interesting action part now, we start by describing the start action. Start
action is even the most important as it positions the already defined objects in the
Interactive Animation space. We must notice that for the moment we use the VRML
space as the Interactive animation space. Start action for a specific object can be
described in the Interactive animation as

<Object Name>.START ((<x position>, <y position>), TRUE)

For the instance we suppose that visibility in start action is always TRUE. For Start
action Translator uses the PROTO definition and creates a Transform node translating
object to the position defined. The produced node using parameters is presented below:
DEF <Object Name> Transform {

translation <x position> <y position> 0
children [<Object Name> { } ]

Figure 16: Start action

Notice that the object name refers to the PROTO that has already been in the object
definition part.

Discrete Translation can be defined in the Interactive Animation as:

<Object Name>.TRANSLATION ( (<x_coord>, <y coord>))
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The VRML code created for discrete translation uses a structure similar to the continuous
translation. Translator creates a Position Interpolator node, and a Time Sensor. Supposing
that the discrete translation is triggered by a click event, Translator creates the routes
appropriate in order to trigger translation. Produced code is presented below:

DEF POS<Object Name> PositionInterpolator ({
REY [T
keyValue [<x coord> <y coord> 0 ] }

DEF TIME<Object Name> TimeSensor { }

ROUTE TOUCH<Object Name>.touchTime TO
TIME<Object Name>.startTime

ROUTE TIME<Object Name>.fraction_changed TO
POS<Object Name>.set fraction

ROUTE POS<Object Name>.value changed
TO <Object Name>.set translation

Figure 17: Discrete Translation Action

In the same way we can build discrete rotation and discrete scaling. Continuous
transformations use the law given by the user in order to compute the various object
positions. Continuous Translation can be defined as:
<Object Name>C_TRANSLATION( <x_time_expression>, <y time_expression>)
The produced code for continuous translation is presented below:
DEF POS<Object Name> PositionInterpolator ({

key [ 01 2 3 456789 ]

<we decide to use by default ten values for the time>

keyValue [ calculating x and y using
X time expression and y time expression ] }

DEF TIMERect TimeSensor { cycleInterval 3.0 }
< we decide to use 3.0 as default cyclelInterval >

ROUTE TOUCH<Object Name>.touchTime TO
TIME<Object Name>.startTime ;

ROUTE TIME<Object Name>.fraction changed
TO POS<Object Name>.set fraction

ROUTE POS<Object Name>.value changed
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TO <Object Name>.set translation

Figure 18: Continuous Translation Action

Continuous Rotation uses the orientation interpolator in order to compute the various
positions. We define continuous rotation as:

<Object Name>.C ROTATION (<angle t ime_express.i on>)
The code produced by Translator is next presented:

DEF OI<Object Name> OrientationInterpolator ({

key [ 0.0, 0.1, 0.3, 0.6, 0.8, 1.0 ]

< we decide to use these key as default values >

keyValue [ 0 O <value produced by time expression>,
<value produced by time expression>,
<value produced by time expression>,
<value produced by time expression>,
<value produced by time expression>,
<value produced by time expression> ] }

cNeoNoNoNe)
o NoNeoNoNel
e

DEF TIMERect TimeSensor {
cyclelInterval 3.0 }

ROUTE TOUCH<Object Name>.touchTime TO
TIME<Object Name>.startTime

ROUTE TIME<Object Name>.fraction changed
TO OI<Object Name>.set fraction

ROUTE OI<Object Name>.value_ changed
TO <Object Name>.rotation

Figure 19: Continuous Rotation action

Continuous Scaling uses the Position Interpolator to produces values but we must give
the right parameters so that the produced values can calculate an accurate scaling.

4.3 3.4 General Scenario examples

To define a scenario, Translator must be able to combine separate node definitions
according to the user instructions. Let’s put them all together and present some simple or
more complicated scenario examples.

1. Define a rectangle of size (1, 4) and of red colour. beﬁne its position at 3, 2 point.
When user mouse-clicks on this object, rectangle must be translated at a new position

2, 1).
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Scenario must be defined as:

OBJECT Rect {
FORM {
TYPE RECTANGLE
POINTS (1, 4)
}
COLOUR 1 0 O
}
EVENT START
ACTIONS SEQ(Rect.START((3, 2), TRUE) 0)
EVENT Rect.MOUSE_CLICK
ACTIONS SEQ(Rect.TRANSLATION(( 2 , 1)) 0 )

The produced code combines the definitions given above:

#VRML V2.0 utfs8
PROTO Rect[ ]
{
Shape {
geometry Box { size 1 4 0.0000001 }
appearance Appearance {
material Material ({
diffuseColor 1 0 0 }
}

}
} #end of RECTANGLE prototype

DEF Rect Transform {
translation 3 2 O
children [ Rect{ } ]
}

DEF TOUCHRect TouchSensor { enabled TRUE }
DEF POSRect PositionInterpolator ({
key [ 0]

keyValue [ ex2miih0=sli )

DEF TIMERect TimeSensor { }

ROUTE TOUCHRect.touchTime TO TIMERect.startTime

ROUTE TIMERect.fraction_changed TO POSRect.set fraction
ROUTE POSRect.value_changed TO Rect.set translation
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The visual result makes things more clear. In the first figure below we can see the starting
position and the form of the object at starting time, while in the second we can see the
position of the rectangle after mouse click and discrete translation action. Rectangle is
translated from point 3,2 to 2,1 as user defines.

Brel 850% ity [ et gron x| Qe ] mvme] g JRSS

Figure 21: Rectangle Position after user interaction

Another scenario example can be:

2. Define two rectangles of size 1, 4 and 1,3 and of red and green colour each one,
position them at point 3, 2 and 1,1 and then when the user mouse click translate them
continuously according the laws defined.

Scenario Definition is the following:

OBJECT Rect {
FORM {
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TYPE RECTANGLE
POINTS (1, 4)
}
COLOUR 1 0 O
}
OBJECT Rect2 {
FORM {
TYPE RECTANGLE
POINTS (1, 3)
}
COLOUR 0 1 O
}
EVENT START
ACTIONS SEQ(Rect.START( (3, 2), TRUE) O
Rect2.START((1, 1), TRUE) 0)
EVENT Rect.MOUSE CLICK
ACTIONS SEQ( Rect.C TRANSLATION( 2 TIME + 5, 1 TIME + 3 ) O
Rect2.C TRANSLATION(2 TIME + 5, 1 TIME + 3) 0)

Translator produces the following code:

#VRML V2.0 utfs
PROTO Rect[ ]
{
Shape {
geometry Box { size 1 4 0.0000001 }
appearance Appearance {
material Material ({
diffuseColor 1 00}
}
}
} #end of RECTANGLE prototype

PROTO Rect2[ ]
{
Shape {
geometry Box { size 1 3 0.0000001 }
appearance Appearance {
material Material {
diffuseColor 010}
}

}
} #end of RECTANGLE prototype

DEF Rect Transform {

translation 3 2 0
children [ Rect{ } ]
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}
DEF Rect2?2 Transform {

translation 1 1 O
children [ Rect2{ } ]
}

DEF TOUCHRect TouchSensor { enabled TRUE }

DEF POSRect PositionInterpolator ({
key [ 012345671829 ]

keyValue [ F35N8W0I&7 EMIOMONSI OVNlilir6r OF MBHANG Msms 0,17 9
0,19 10 0,21 11 0,23 12 0, ] }

DEF TIMERect TimeSensor {
cycleInterval 3.0 }

ROUTE TOUCHRect.touchTime TO TIMERect.startTime

ROUTE TIMERect.fraction changed TO POSRect.set fraction
ROUTE POSRect.value changed TO Rect.set translation

DEF POSRect2 PositionInterpolator {
key [ 01234549678 9]

keyvalue { 1 0 0,2 2 0,3 4 0,4 6 0,58 0,6 10 0,7 12 0,8
14 0,9 16 0,10 18 0, ] }

DEF TIMERect2 TimeSensor ({
cycleInterval 3.0 }

ROUTE TOUCHRect.touchTime TO TIMERect.startTime
ROUTE TIMERect.fraction _changed TO POSRect2.set fraction
ROUTE POSRectZ.value changed TO Rect2.set translation

To be more clear let’s see some instances of the scenario execution.
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Figure 24: Example 2 Another instance of object’s motion
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The last scenario example is about a simultaneous translation and rotation. The visual
result is really very impressive.

3. Create a rectangle and after mouse click translate and rotate it at the same time.

OBJECT Rect ({
FORM {
TYPE RECTANGLE
POINTS (1, 4)
}
COLOUR 1 0 O
}
EVENT START
ACTIONS SEQ(Rect.START((3, 2), TRUE) 0)
EVENT Rect.MOUSE CLICK
ACTIONS SEQ( Rect.C_TRANSLATION( 2 TIME + 5, 1 TIME + 3 ) O
Rect.C_ROTATION( 2 TIME + 2) 0)

Various instance of the visual result are given in the figures below:

— =
==

Figure 26: Example 3, Instances of the continuous translation and rotation
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4.4 Synopsis

In this chapter we have presented the translator architecture. We have given a general
description of the basic translator’s modules: user interface, lexical analyzer and parser.
We have presented parser in more detail, as it is the most important part of the system.
We have explained how translation works and what is the produced VRML code in case
of object creation, mouse_click events, and transformations continuous and discrete. We
have also given some examples of scenario execution that put things all together.
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5. Interactive Animations and databases

Contents
5.1 Introduction
5.2 Methodology
5.3 Classes, attributes and relationships
5.4 Data Model graphical representation
5.5 Queries
5.6 Synopsis

5.1 Introduction

The authoring environment presented in chapter four creates Interactive Animations. The
user gives a description according to the grammar specification and can render the result
on a browser. And of course he has the ability to create a large number of Interactive
Animations related or no to a specific subject. The challenging question is how we can
manage these Interactive Animations and how we can extract further information,
combining them. It is very important to explore what kind of information users want to
extract from Interactive Animations, and to decide what kind of data can produce this
information. The only answer to the previous questions is the connection of Interactive
Animations with databases. In this chapter we try to do this connection by creating at first
a data model that better fits Interactive Animations. Then upon this data model we
explore what kind of queries are valuable to users and we try to classify and express
them. In the conceptual level we take into account some critical parameters as our
grammar specification for authoring environment and the theory of spatiotemporal
databases. The whole procedure is implemented using the basic principles of object
oriented data model and OQL (object query language) to express queries on the created
database model. Next paragraph presents in more detail the methodology that we are
going to use in order to create the database schema.

5.2 Methodology

The process of designing a database always begins with an analysis of what information
the database must hold and the relationships among components of that information. The
result of this phase is the database schema. We can use various ways to express this
design. The traditional approach is the well-known Entity-Relational Model. But as
object oriented analysis and design become more and more powerful and facilitate the
real world modeling, an object-oriented approach is proposed to serve this goal. This
approach is called ODL (Object definition language) and is a standard language for
specifying the structure of databases in object-oriented terms.

After analysis and design phase database schema must take a physical existence and we
must have the ability to do queries upon this schema. In order to do this we need to use a
real query language. To translate the Entity Relational model we use the famous SQL
(structured query language) standard. For object oriented database design we have to use
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another standard called OQL (object query language), a powerful and easy to use SQL
like query language with special features for dealing with complex objects, values and
methods.

In this dissertation we have decided to use the object oriented approach. After a first
consideration of our problem we see that we have to deal with more complicated
information as continuous and time dependent data, spatial and temporal relationships or
user interaction. The relational database model seems to be less powerful in this occasion
in comparison to the object oriented design, which is finally adopted in this dissertation.
In the next paragraphs we are going to follow a specific procedure according to the object
oriented model, as figure below shows.

Spatiotemporal
database theory

Grammar
Specification

@’ Identifying

classes

Identifying
Attributes

Identifying |
Relationships |,

Expressing
queries

Figure 27: Object oriented database and queries design

The input in this process is the grammar specification described in chapter three and
some ideas from the spatiotemporal database theory [Guting and al. 1998]. The first step
is to identify the classes exactly as we do in the object oriented design. Each class has
some attributes that characterise the objects belonging to it. Classes are connected
according to some relationships. After classes definition, the last and probably the most
important step in the whole process is to identify the queries that can be expressed using
these classes. Next paragraph introduces classes at first.

Page 55



5.3 Classes attributes and relationships

To express classes and their attributes we will use the ODL-like notation. A class can be
written as:

Class <name> {
< list of properties >
}

The list of properties contains tree different kinds of elements: attributes, relationships
and methods. So we can now refine the class notation as follow:

Class <name> {
< list of attributes >
< list of relationships >
< list of methods >

}

Each element in the list of attributes has a type and a name. About types we must mention
that ODL offers the database designer a type system similar to that found in the
conventional programming languages consisted of afomic, interface types and some type
constructors. (For more information about type see appendix B ODL and OQL
reference). We will use the following form to present attributes of each object:

attribute type < attribute name >

Relationships show the way an object connects to other objects in the same or another
class. They have also a type which can be either a reference to an object of some class or
a collection (a set as an example) of such references. We can use the following format to
present them:

Relationship Type < Class Name > Objects Name
Classes structure is next presented.

Class IAN

Description: This class is the description of each IAN created according to the IAN
grammar specification. It has a name that briefly describes its subject. It has been written
by a user, so-called author and at a specific creation date. An IAN according to the
grammar specification is consisted of objects and statements of the type event condition
action. So we can distinguish the IAN relations with a set of objects and a set of
statements.
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Notation:

Class IAN {
attribute string IAName;
attribute string author;
attribute Struct Date .
{integer day, integer month, integer year} creationDate;
relationship Set<IANobject> IANobjects;
relationship List<statement> IANstatements;

}

Class IANobject

Description: Class [ANobject is defined to describe objects that participate in an
Interactive Animation. Every object of the class must have as attributes the name, its
type, a point list that define its form, the filename of its contents and its colour. In
addition every object in the list must be declared in one and only one IAN. At last if an
IANobject is of type GROUP that means that it has also relations with other children-
objects. To help the querying part we put also a boolean attribute called isParent in order
to find easily if an object is a parent or not.

Notation:

Class IANobject {

attribute string objectName;

attribute string type;

attribute List < Struct Point { float coordl, float
coord2 } >

pointList;
attribute string contents;
attribute Struct Colour {integer r, integer g,
integer b} objectColour;

attribute Boolean isParent;

relationship IAN declaredIn;

relationship Set<IANobject> children;

relationship Set<event> eventsParticipatingln

relationship Set<condition> conditionsParticipatinglIn

relationship Set<action> actionsParticipatingIn

Class |IANstatement

Description: Class IANstatement has no attributes. But the main role of this class is to
connect AN with events, conditions and actions. Each statement belongs to one and only
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one IAN. On the other hand a statement may be built by an event, a condition and an
action (a sequence of actions). These relations are expressed using the following notation.

Notation:

Class IANstatement {
relationship IAN declaredIn;
relationship Event event
relationship Condition condition;
relationship Action action;

}

Class Event

Description: Event class describe an event that triggers an action if the specified
condition is at the same time fulfilled. According to the specification, an event
participates in one and only one statement and can be related with zero, one or two at
maximum objects (zero when the event is not connected to a specific object but to the
IAN in general, one in all events of type objectName.event and two only in the case of
the topological relations that we have decided to put in the model (MEET and
NO_MEET)). The main attributes of this class are the event type and its value when the
event is of type event = expression. Accepted types for type attribute are according to
the grammar specification:

e COLOUR_EXPRESSION

CONTENTS EXPRESSION
VISIBILITY EXPRESSION
ACTIVITY STATUS EXPRESSION
INTERNAL TIME EXPRESSION
POSITION EXPRESSION

ANGLE _EXPRESSION

SCALE EXPRESSION
MOUSE_CLICK

e KEYBOARD PRESS

e MEET
e NO MEET
e START

e GLOBAL TIME

Event class contains also the inverse relationship with statement and a relationship with
the objects with which can be related. 3

Notation:

Class Event {
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attribute string simpleEventType;
attribute string equationValue;
relationship Set<IANobject> relatedTo;
relationship statement participatesIn;

}

Class ComplexEvent

Description: Complex event is actually a composition of events. Each object in complex
event class has also a type. Complex events can have one of the following types:

e ANY
e SEQ
e TIMES

Another important attribute is the count, which has a different meaning for each type of
complex event. For example with TIMES, count has the meaning of how many times an
event occurs while for ANY means the occurrence of a specific number (count) of events.
For SEQ complex events count has no meaning and its value is undefined. At last a
complex event is related with a set of events and of course to one and only one statement.
The notation can be expressed as follow:

Notation:

Class complexEvent {
attribute string complexEventType;
attribute integer count;
relationship Set<Event> relatedTo;
relationship Statement participatinglIn;
}

Class Condition

Description: Class condition has a structure similar to that of event. Condition has a type
attribute and an attribute expression value for each expression. Note that expression in
condition can be not only an equation but also an expression using comparison operators
(<, >,<=>=etc.). As a result of this difference we need the operator attribute also in order
to specify the precise kind of expression. In addition condition class is related to zero
(when it is a time condition), one (in case of state condition) and two objects (in case of
inter object condition). It is also related to one and only one statement where it is declared
in. The accepted values for condition type attribute are:

e COLOUR_EXPRESSION
e CONTENTS_EXPRESSION

e VISIBILITY EXPRESSION

e ACTIVITY_ STATUS_ EXPRESSION
INTERNAL TIME EXPRESSION
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e POSITION EXPRESSION
e ANGLE EXPRESSION

e SCALE EXPRESSION

e TIME EXPRESSION

o MEET EXPRESSION

e NO MEET EXPRESSION

Notation:

Class Condition {
attribute string conditionType;
attribute string expressionValue;
attribute string operator;
relationship Set<IANobject> relatedTo;
relationship statement participateslIn;

Class ComplexCondition

Description: Class complex condition describes a composition of simple conditions
using logical operators (OR, AND). Therefore it contains two attributes: A list with the
logical operators that are used in the complex condition and a list with the conditions that
build the complex condition.

Notation:

Class Condition {
attribute List<string> logicalOperators;
attribute List<condition> listOfConditions;

}

Class Action

Description: Action class has as main attribute, a list of structures of type (time_interval,
simple_action) according to the grammar specification. Time interval is an atomic value
that describes the time between two simple actions in the sequence of actions. Simple
action is an object of the class SimpleAction that is described afterwards. This class has
also and some relationships. It is related to one and only one statement and to one and
only one event that triggers this action.

Notation:

Class Action {
List <Struct ActionElement{integer timeInterval,
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simpleAction Lsimplestring}>
relationship statement participatesIn;
relationship event relatedTo;

}

Class simpleAction

Description: Every sequence in action part of an ECA rule is consisted of time intervals
and simple actions. This class describes exactly these simple actions. The main attribute
in this class is the actionType that help us distinguish between the different types of
actions. Each simple action has different number and semantic of parameters.
Consequently there is a need to create subclasses. To further explain, often a class
contains certain objects that have special properties not associated with all members of
the class. So it is useful to organize the class into subclasses, each subclass having its
own special attributes and/or relationships in addition to those of the class as a whole. In
ODL we can declare a subclass according to the following format.

Class < Class_Name> : <class from which it inherits> ({
< additional properties>

}
Action subclasses are: startAction, discreteTranslation, discreteRotation, discreteScaling,

discreteColorChanging and ContinuousTransformations. Subclass
ContinuousTransformations contains also another level of subclasses as each kind of
continuous transformation has some extra actions related to them.
ContinuousTransformationsActions subclasses are ContinuousTranslation,
ContinuousRotation, ContinuousScaling, ContinuousColorChanging. We are obliged to
have a different class for each action as each action has completely different parameters
and of course it has completely different conceptual meaning. SimpleAction type may
have one of the following values.

e START

e STOP

e RESUME

e PAUSE

HIDE

SHOW

ADD MEMBER

REMOVE MEMBER

DESTROY

DISCRETE TRANSLATION

DISCRETE_ROTATION

DISCRETE SCALING

CONTINUOUS TRANSLATION

e CONTINUOUS ROTATION

e CONTINUOUS SCALING
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¢ CONTINUOUS COLOR CHANGING

At last we must mention that every simpleAction is connected to an object and this is a
very important relationship of the class.

Notation:

Class simpleAction {
string actionType
relationship Action participateslIn;
relationship IANobject relatedTo;

}

Class startAction

Description: The first subclass of simpleAction is StartAction. StartAction is the class
that fully describes all information about object initiation and starting position. Attributes
of this class are position value for x-axis, position value for y axis and visibility value.
The relation with a specific object is inherited by the class Simple Action.

Notation:

Class startAction : simpleAction({
float positionX;
float positionY;
boolean visibilityValue;

}

Class discreteTranslation

Description: Class discreteTranslation describe a discrete translation of an object. To
fully describe the discrete Translation we need only the two values for position in axe x
and position in axe y.

Notation:

Class discreteTranslation : simpleAction{
float discretePositionX;
float discretePositionY;

}

Class discreteRotation

Description: Class discreteRotation describe a discreteRotation of an object.
DiscreteRotation is completely described by the attribute angleValue.
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Notation:

Class discreteRotation : simpleAction({
float discreteAngleValue;
}

Class discreteScaling

Description: Class discreteScaling has as attributes the scalingValue for x axe and the
scalingValue for y axe. The notation is as follow:

Notation:

Class discreteScaling: simpleAction({
float discreteScalingXValue;
float discreteScalingYValue; }

Class discreteColorChanging

Description: Class discreteColorChanging is described by the three attributes that
indicates the new value for colour parametersr, g, b.

Notation:

Class discreteColorChanging: simpleAction{
float discreteColorRValue;
float discreteColorGValue;
float discreteColorBValue;

}

Class continuousTransformationActions

Description: This class has as subclasses the continuousTranslation, continuousRotation,
continuousScaling and continuousColorChanging. The two main attributes that are
inherited in all subclasses, are the continuous transformation name and the
TransformationActionsType. Transformation Actions Type may have one of the
following values.

e RESUME

e PAUSE

e STOP

e CONTINUOUS_ TRANSLATION
e CONTINUOUS ROTATION

CONTINUOUS SCALING
. CONTINUOUS_COLOR;CHANGING

Page 63



Notation:

Class continuousTransformationActions : simpleAction|{
Attribute String translationName;
Attribute String TransformationActionsType;

}

Class continuousTranslation

Description: Continuous transformations have the same logic as discrete transformations
but they use the law to compute position. For continuous translation we have two
different laws for each axe.

Notation:

Class continuocusTranslation
continuousTransformationActions {
String PositionXLaw;
String PositionYLaw;

}

Class continuousRotation

Description: For continuousRotation we need as an attribute only the law for the
changing in angle value. The notation is as follow:

Notation:

Class continuousRotation: continuousTransformationActions {
String angleChanginglaw;

}

Class continuousScaling

Description: As with the previous classes continuousScaling has two attributes that
describe the law changing for each axe.

Notation:

Class continuousScaling : continuousTransformationActions {
String scalingXChangingLaw;
String scaling¥YChangingLaw;

}

Class continuousColorChanging
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Description: Class continuousColorChanging contains as attributes the laws for the
changing of each colour.

Notation:

Class continuousColorChanging
continuousTransformationActions {
String colourRChanginglLaw;
String colourGChanginglaw;
String colourBChangingLaw; }

Next paragraph summarizes the data model using a graphical representation of classes
and subclasses.

5.4 Data Model graphical representation

Data model will be the reference during the queries building process. A graphical
representation of the schema may be very useful for this purpose. The first figure express
the main classes hierarchy while the other shows the simple action subclasses.

IAN |
Interactive
Animation
IAN
IAN Statement
object
Complex
Event
Event
Complex
Condition Conditions
/"
Simple :
Actions Action

Figure 28: Main classes in data model
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A graphical representation of subclasses follows.

Simple
Actions

Start | Discrete | Discrete || Discrete || Discrete Continuous

Action Translation Rotation [ Scaling | Color Transformation
; | Changing Actions
d ' 1
Continuous Continuous Continuous Continuous |
Translation Rotation scaling Color
' ; Changing

Figure 29: Subclasses structure in the data model

5.5 Queries

Even if we have already designed a data model describing the database status of an
interactive animation we have not given yet an answer to the most challenging question:
“what kind of queries we can do upon the produced data model?” Exploring the
possible queries we can distinguish between two basic groups. In the first group we must
define the queries that can be done for extracting information already stored in the
database schema. These are queries on database contents. The second group contains
queries that return spatiotemporal information. In order to build queries on database
contents OQL is convenient as it provides all the operators and the structures needed. But
in case of spatiotemporal queries OQL isn’t strong enough. To express queries upon the
spatial and the temporal runtime status of an animation and its objects it is probably
needed to define some special operations or methods. In other words it is needed to
provide a language more powerful than OQL. In the paragraph of spatiotemporal queries
we are going to explain the features of the language we adopt. The table below
summarizes the abstract queries classification.

)

Queries on database contents
» Spatiotemporal Queries

Table 5: Queries abstract classification

5.5.1 Queries on database contents
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We can extract various informations from the database contents either building simple
queries on the attributes of one class or using relationships to extract information from
more than one classes in the schema. For each class previously defined we are now
expressing the most interesting queries.

Class IAN queries

According to the definition given in the database schema, objects in this class have as
attributes the IAN name, the author name and the creation date. They are also-related to a
set of objects and a list of statements that constitute the scenario using ECA rules.
Interesting queries on these contents may be:

Ask for Interactive Animations with a specific name as “name”
This query can be expressed using the following select ... from ... where ... format

SELECT i
FROM IAN i
WHERE i.IAName = ‘name’

Ask for Interactive Animations written by an author named “author_name”

This simple query can be expressed as
SELECT i

FROM IAN i

WHERE i.author = ‘author name’

Ask for Interactive Animations written before 1/3/1999 as an example.

This query can be expressed as

SELECT i

FROM IAN i

WHERE i.creationDate <= ‘1/3/1999'

The result of each of the previous queries is a group of objects that satisfy the defined
condition in the where part. We can also create queries that return only attribute values
(only name as an example). A last important remark is that we can express more
sophisticated conditions using various comparison and logical operators. According now
to the specified relationships we can build queries that combine attributes of more than
one classes. Examples of this kind of queries are:

Ask for objects participating to an Interactive Animation with name “name”.

To give answer to this query we have to extract the objects related w1th the TAN. A
complex query that can do that will be the following.

SELECT o
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FROM IAN i, i.IANobjects o
WHERE 1.IAName = ‘name’

Ask for statements that build an Interactive Animation called “name”.
By this query the user can extract the scenario part of an Interactive animation.

SELECT st
FROM IAN i, i.statements st
WHERE 1.IAName = ‘name’

Based on these relationships we can create more sophisticated queries creating conditions
and combining attributes not only from the IAN class but from the objects class also
(class statements doesn’t contains any attribute). We can extract as an example all the
objects that are related to a specific Interactive Animation and their type is rectangle.

Class IANobject queries

From this class we can extract useful information about the type, the size, the colour or
the contents of an object. These queries can be build exactly as in the IAN case. A simple
example can be to select all objects having RECTANGLE as a type. This query can be
expressed as:

SELECT o
FROM IANobject o
WHERE o.type = ‘RECTANGLE’

Figure 30: A select example for IANobject class

All the possible queries for object attrlbutes are:

Queries on gbjeeg.at
Ask for an object with a spemﬁc object name

Ask the type of an object with a specific name
Ask the point list of an object with a specific name
Ask the contents of an object with a specific name
Ask the colour of an object with a specific name
Ask if a specific object is parent or not

Sl e R e

Table 6: Queries on object attributes

Using relationships in class IANobject we can extract more information related to objects
from other classes. Useful queries can be:

Queries based on the IANobject relationships
1. Ask for the attributes of the IAN in which an object 1s declared.
2. Ask for attributes of the children of an object
3. Ask for the events an object with a specific name declared in a specific
IAN is related to
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4. Ask for the actions that define the behaviour of an object in the specific
IAN.

Table 7: Queries based on the IANobject relationships

We must remark that relationship with the condition is defined in the IAN object class in
order for the data schema to be consistent. But there isn’t any interesting question related
to objects and conditions to pose. On the other hand is very interesting to explore the kind
of events, an object participates in and of course the kind of actions.

We can also build queries that return as result a group of objects with common
characteristics.

Y. th ¢ i ]
1. Ask for objects in an Interactive Animation that have the red colour
2. Ask for objects in an Interactive Animation that have a specific type (ex.
rectangle)
3. Ask for Interactive Animations with objects of type GROUP

Table 8: Queries on objects with common characteristics

Queries on objects and IAN extract the most important information. Other classes with
attributes on which we can build interesting queries are:

Class Event queries

An important query on the objects of the event class is:
Ask for the objects that are related to a specific event. This is the only query that has
interest on this class.

Class Action queries

The interesting queries in Action class are presented below.

or the event tat triggers this action
2. Ask for the objects participating in this sequence of actions.

Table 9: Queries on Action class objects

Class simpleAction queries and all subclasses

In this group of classes there is a lot of attributes but these attributes are more useful in
order to build Spatiotemporal Queries. There isn’t sense for example to extract the law
motion of a transformation but it is very important to use this law in order to compute the
position of an object at a specific time. Interesting queries based on these attributes will
be presented in the next paragraph.
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5.5.2 Spatiotemporal Queries
5.5.2.1 Language definition

Queries presented in the previous paragraph are static that means that they are interested
only to the contents of the database. This is of course very important as we can extract
useful information about Interactive Animations. But it would be more useful to be able
to query on the runtime behavior of the objects as we have already mentioned above. To
do that we must in a way simulate the behavior of the objects participating in interactive
animations. This would be an easy task if the time was continuous and if there weren’t
interaction. Interaction creates a lot of problems, as it is impossible to know the user
behavior, which is different in every Interactive Animation execution. But even under
these conditions it is very interesting to explore the possible queries that we can express
in the runtime behavior of objects in an Interactive Animation.

From a general perspective of the problem, we can see that standard OQL doesn’t provide
appropriate structures and operators to extract dynamic information. In order to express
such queries we need to describe a new language based on OQL but more powerful and
spatiotemporal oriented. Three issues must be under consideration for this purpose:

e The need for new spatial and/or temporal operators
e The way to embed run-time attributes of animated objects in the language.
e The accuracy of the traditional query structure SELECT.. FROM ..WHERE ..

Let’s explore one by one the issues above.

To express spatiotemporal queries we need spatiotemporal operators also. Standard OQL
can’t check if two object are meeting, are disjoint etc. We need to construct special
operators for this purpose. In the theory of spatiotemporal databases we can find a lot of
new operators that can produce spatiotemporal expressions. In case of Interactive
Animations we select the operators that have a sense and can be used to return useful
information. These are more spatial and can be very powerful when we combine them
with the run-time attributes operators defined in the next paragraph. The following table
summarizes and define them:

[ Meet (objectl, object2) Meet is a spatia operatorat xploresf tw

e — === = EE i

0 objects
are meeting, that means if two objects have common
borders.

Unmeet (object1, object2) Unmeet is a spatial operator that explores if two

objects are not meeting that means if two objects don’t
have common points

Overlap(objectl, object2) Overlap is also a spatial operator and investigates not
only if two objects have common borders but common
areas in general. .

Distance (objectl, object2) Distance computes the distance between two objects.
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According to [Guting and al. 1998] the distance
function determines the minimum distance between the
closest pair of points where the first element is from
the first argument and the second element from the
second argument.

Table 10: Operators for building spatiotemporal queries.

The second issue, about how to treat runtime attributes is also very important. The query
language must be able to treat sufficiently all the attributes that can be changed during
animation. These attributes are grouped in the table below:

!
Object activity status
Color
Position
Angle
Scaling
Object internal time
Animation time

Table 11: Attributes changing during Interactive Animation

Some of these attributes may have a value stored in the database while other are defined
only during interactive animation execution. It is obvious that an expression as o.colour
has a different meaning when the attribute refers to the run time. In fact the expression
o.colour returns the value of the attribute color of an object, at starting time (to be more
precise it returns the database value) and not the color of an object during the interactive
animation execution. So we have to use another notation for these attributes. To express
this difference a notation like:

runtime attribute_of (object)

is the most appropriate. According to this concept we have the following operators that
compute the value of an attribute during execution and returns its value. We have:

activityStatusOf (object) that returns the object activity status during execution
colourOf (object) that returns the color of an object during execution
positionOf (object) that returns the position of an object during execution
angleOf (object) that returns the angle of an object during execution
scalingOf (object) that returns the scaling of an object during execution
internalTimeOf (object) that returns the internal time of an object during an
animation

time (interactive animation) : This attribute refers to the animation time and
receives as parameter the specific animation.
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We can now use all these attributes exactly as the static one (colourOf(ol) = red as an
example) but the meaning of these expressions are much different as we have already
explained. Notice that we don’t define runtime operators for attributes as the internal time
or the activity status of a transformation, as we consider that there isn’t any interesting
query to do using these runtime attributes. As an example, it is important to be able to
extract information about the activity status of an object but it isn’t as important to know
the activity status of one of the transformations of an object.

We are now ready to use the operators previously defined, in a query statement. We could
use the “traditional” SELECT .. FROM .. WHERE.. query structure for this
purpose, but we believe that another structure which help us to distinguish between time
expressions and conditions, is more sufficient and appropriate. To implement that, we add
to the main SELECT .. FROM .. WHERE.. query structure a new part, the WHEN
clause. In the WHEN clause we must always define the time related to the WHERE
clause conditions. If there isn’t a time definition, query statement must consider
conditions during all animation time. The new structure can be defined as:

SELECT <objects or attributes>
FROM <database>

WHEN <time expressions>

WHERE <conditions>

Time expressions are built either using the time attributes, internal time of an object and
animation time, or using the spatial operators (meet, unmeet etc). Using spatial operators
in a time expression WHEN clause must compute the time (the instance) that the specific
spatial event (meet or overlap) occurs. In WHEN clause we can also define time intervals
using the well-known inequality operators (<,>,>= etc). Let’s see some examples of this
new query structure and put all the discussed issues all together.

An interesting question may be
“ Ask for objects that have the red color when they are meeting”

These is a typical spatiotemporal question. Time in this case is indirectly defined by the
meeting event. In this case a SELECT .. FROM .. WHERE .. structure couldn’t give an
accurate answer. The query must be able to check if at the specific time of the first object
meeting, these objects has the red color. By using the structure:

SELECT ol, o2

FROM IAN i, i.IANobjects ol, i.IANobjects 02

WHERE colorOf(ol) = ‘red’ AND colourOf (02) = ‘red’
AND meet (0l,02)
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we will have as result a set of objects that while they are meeting during animation, they,
have also the red color. Using the new structure we will have the results expected.
Structure:

SELECT ol, o2

FROM IAN i, i.IANobjects o0l, i.IANobjects o2

WHEN meet (0l, 02)

WHERE colourOf(ol) = ‘red’ AND colourOf(o2) = ‘red’

returns only this pair of objects that have the red color at the specific instant of their
meeting.

5.5.2.2 Queries examples

Using operators and structures defined above we can now express a variety of interesting
queries. In this paragraph we try to classify in a way these queries trying to present the
most important examples.

A first group of queries is to extract information about objects that may have a specific
spatial status at any moment during Interactive Animation. In this case we don’t need a
WHEN clause and the query refers to all the interactive animation time. An example can
be:

Ask if two objects, objectl and object2, are meeting during Interactive Animation
named ‘name’

The following statement gives an answer to this question

SELECT o1, o2
FROM IAN i, i.IANobjects ol, i.IANobjects o2
WHERE i.IAName = ‘name’ AND meet (0ol, 02)

We can build of course similar statements using the defined spatial operators as unmeet,
overlap and distance. Distance can be used in order to construct expression as distance
(01,02) > 10 etc.

The second group of queries uses the WHEN clause and defines a specific time instance
of the animation time.

Ask if two objects object]l and object2 are meeting in an Interactive Animation named
‘name’ at time 4

SELECT ol, o2

FROM IAN i, i.IANobjects ol, 1i.IANcbjects o2
WHEN time (i) = 4

WHERE i.IAName = ‘name’ AND meet (o0l, o02)
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Notice that in this query it is clear the difference between time and conditions
expressions. Meet operator here is used to describe a spatial condition that must be
evaluated at the time defined in WHEN clause. We can write a variety of such queries
combining time attributes (time and internal time) with spatial operators and database
objects characteristics.

It is also very interesting to use spatial events in order to define time. We have already
given an example of the use of spatial operators to define time in the paragraph of
language definition. We repeat at this point the presented example.

Ask for objects that have the red color when they are meeting”

SELECT ol, o2

FROM IAN i, i.IANobjects ol, i.IANobjects o2

WHEN meet (0l,02)

WHERE colourOf (ol) = ‘red’ AND colourOf (02) = ‘red’

In the WHEN clause we can use all the spatial operators meet, unmeet, overlap and
distance. Distance must be used inside an equality or inequality expression as it returns a
numeric value as result.

We can also define time intervals. Time intervals are a very complicated issue. At this
abstract definitions we give the simplest form of time interval use. An example makes
things clear.

Ask if an object has the red colour betweenl0 and 15 animation time
SELECT o

FROM IAN i, i.IANobjects o

WHEN time(i)>=10 AND time (i)<=15

WHERE colourOf (o) = ‘red’

This query will return the objects that have the red colour at least one instance inside the
time interval. It would be also very interesting to check for objects that have the red
colour during the specified time interval but to implement this we will probably need
some extra operators. We leave this issue for the moment.

It is very interesting to build queries that ask not only database but also runtime
attributes. There is some interesting examples

Ask the time that two objects ol named ‘o1’ and 02 named ‘02’ are meeting.

This query must be able to return the specific time instance when the two objects are first
meeting.

SELECT timeOf (i)
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FROM IAN i, i.IANobjects ol, i.IANobjects o2
WHEN meet (o0l, 02)
WHERE ol.objectName =’01l’ AND o2.objectName = ‘02’

In this case we can see a different use of the WHEN clause in order to specify the time as
the query result. Position, angle, colour, activity status may be also of interest

Ask for the position of an object ‘o1’ at a specific time

SELECT positionOf (ol)

FROM IAN i, i.IANobjects ol
WHEN time (i) = 4

WHERE ol.objectName = ‘ol’;

Ask for the angle of an object 0l at a specific time

SELECT angleOf(0l)

FROM IAN i, i.IANobjects ol
WHEN time (i) = 4

WHERE ol.objectName = ‘0l1’;

We can also ask for the distance of two objects
Ask for the distance between two objects objectl and object2 at time = 4

SELECT distance(ol, o02)

FROM IAN i, i.IANobjects ol, i.IANobjects o2

WHEN time (i) = 4

WHERE ol.objectName = ‘objectl’ AND ol.objectName =
‘object2’;

A last group finally is to combine run time attribute to construct more sophisticated
conditions. An example may be:

Ask for objects that between time 10 and 15 have angle equal to 90 and red color

SELECT o

FROM IAN i, i.IANobjects o

WHEN time (i)>=10 AND time (i)<=15

WHERE angleOf (o) = 90 AND colourOf (o) = ‘red’

As we have already mentioned above this query will return objects that at least one time

present the defined from the where part characteristics (angle = 90 and color = red). We
can combine of course all the run time attributes as position, activity status etc.
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5.6 Synopsis

Chapter 5 is dedicated to the database part of our system. In this section a database model
is presented. Based on this model we express the most interesting queries on database
contents. Then we go a bit further and we investigate the ability to query on the run time
characteristics of an Interactive Animation. We explain what we need in addition to the
standard OQL to express queries on dynamic data and we present the most important
questions of this category. '
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6. Conclusions and further work

In this dissertation our basic aim was to give a first approach of Interactive Animations
modeling and querying. To be more specific we have achieved to:

Produce a grammar specification for Interactive Animations modeling

Create a simple authoring environment for Interactive Animations

Design a database model related to Interactive Animations and

Express the most important queries on static and on dynamic data related to IAN

Working on this topic we have now a clear idea about what is the useful information we
can extract and what are the main problems to implement such a system. We have of
course to do a lot of improvements. Translator doesn’t provide all the features described
in the design phase. Grammar specification must be able to treat more complicated
conditions and laws. In the database part we have to think about how we can implement
the dynamic queries, and of course how we can simulate Interactive animations. These
topics are very important and challenging. It will be very interesting to continue this
effort. Undoubtedly we have gained a lot of experience as we have achieved to do the
first step form the theoretical to a more technical perspective of the Interactive
Animations problem. This was even the most important result.
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APPENDIX A: Code Listing

A1. Translator module presentation

Translator module defines Translator’s user Interface and implements the connections
between lexical analyser and parser.

import java.io.*;

import java.awt.*;

import java.awt.event.*;
import java cup.runtime.*;

/* I E R ESE S S S S S A SRS RS SEREERESE SR RS REEREEEREEEEEEERE]

* Main Code - Creation of main frame b
* *

* khkhkhkhkhkhkhkkhkrhkhkhkkhAhkdkhkhkkrkdrhdhhkhhkhhkdrhkrhkhkhkhkhkhhkhkkdkx */

public class Translator extends Frame ({

/* Global variables that can be used from
all the methods in this class */

public static TextField t TxtField = new TextField();
public static Label t LblMessages = new Label();

/* The following global variable is used by
translator button during the connection
with lexical analyser and parser */

static boolean do debug parse = false;

public static void main(String args{]){
/* Creating and initialise the frame */
Translator translator = new Translator();
Panel t Panel = new Panel () ;
BorderLayout t borderLayout = new BorderLayout();

Label t giveFilelbl = new Label () ;

/* TextField Static variable see below */
/* Message label Static variable see below */

Button translatorButton = new Button();
translator.setSize (new Dimension (463, 269));
translator.setVisible (true);

translator.setTitle("Interactive Animations: Translator");

/* Add components on the frame */
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/* Add layout ( layout doesn't work very well ) */
translator.setLayout (t borderLayout) ;

/* Add and initialise panel */
translator.add(t_ Panel, BorderLayout.CENTER);
t Panel.setVisible(true);

t Panel.setBackground( Color.lightGray ):;
t:Panel.setSize(new Dimension (463, 269));

/* Bdd and initialise filename label */

t Panel.add(t_giveFilelbl, null);

t giveFilelbl.setVisible(true);

t giveFilelbl.setSize(new Dimension (200, 75));
t _giveFilelbl.setForeground( Color.black );

t giveFilelbl.setText("Give IANs FileName:");

/* Add and initialise textField */

t Panel.add(t_TxtField, null);

t TxtField.setVisible(true);
t_TxtField.setSize(new Dimension (400, 100));
t TxtField.setColumns(18);

/* Add and initialise translator button */
t_Panel.add(translatorButton, null);
translaterButton.setVisible (true);
translatorButton.setLabel ("IAN Translator");

/* Add and initialise message label */

t Panel.add(t_LblMessages, null);

t LblMessages.setVisible(true);

t LblMessages.setSize(new Dimension (200, 400));
t LblMessages.setForeground( Color.black );
t_LblMessages.setText ("Message label");

/* I EE TR R RS EE S S SRR E SRS S SRR SRR RS SRR EEEEEEEEEE

This is the main code in order to connect *

the Jlex and JCup specification *
*hkhkhkAkhkrhkhhkkhkhkhkdhkhkhAkrAdrhkhhkkhkhkhkdhhkhdhdhkhthhhkhdhhhhh ki

/* Methods declaration
Click event on the translation button */
public boolean action( Event e, Object translatorButton ) {

/* Local variables declaration
At first all variables about
reading files ; * /
String IAN File;
FileReader IAN FileReader;
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BufferedReader IANfileBuffer = null;

/* At second all variables about
writing output files */

String VRML File;

FileWriter VRML FileWriter;

BufferedWriter VRMLfileBuffer = null;

String VRML line = null;

/* Initial values */
t LblMessages.setText ("");

/* Check if the text field is empty.
if the text field is empty then
raise an exception and exit event. */
try
{
if ( t TxtField.getText().length() == 0)
throw new Exception("IANs file isn't existent");
}
catch ( Exception noFileName )
{ t_LblMessages.setText (" You must give a IAN's Filename "
+ "before click on translator button" );
return true; }

/* if the user has given a fileName try to open it */
try
{

IAN File = t TxtField.getText();

IAN FileReader = new FileReader ( IAN File );

IANfileBuffer = new BufferedReader ( IAN FileReader );
}
catch ( Exception FileNotFoundException )
{ t_LblMessages.setText("File not found" );

return true; }

/* if a consistent file exists then create
and prepare for writing the output file
using the default name output.wrl and putting
it in the current directory. At first give
a default name to the output file */

/* create a parsing object */
parser parser obj = new parser(new Yylex(IAN FileReader));

Symbol parse tree = null;
try
{

if (do_debug_parse) )
parse_tree = parser_obj.debug parse();

else
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parse tree = parser_ obj.parse();
}
catch (Exception ex)
{

/* do cleanup here = - possibly rethrow e */ }
finally

{
/* do close out here */

}

return true;

}
A2. Lexical analysis: Jlex input specification file

The following specification is the input in Jlex java tool in order to generate a lexical
analyser for the translator.

import java.lang.System;
import java.io.*;
import java cup.runtime.*;

oe
o°

o®
(9]

up

$implements java cup.runtime.Scanner
$function next token
$type java_cup.runtime.Symbol

$eofval

return new Symbol (sym.EOF);
$eofval}

$line
$char

ALPHA=[A-Z a-z]

DIGIT=[0-9]

SPECIAL CHARACTERS= [\t\ \b\r\n]

STRING TEXT=(\\\"| [*“\n\"]|\\{SPECIAL CHARACTERS}+\\) *

o\©

"OBJECT" { return new Symbol (sym.OBJECT); 1}
"FORM" { return new Symbol (sym.FORM); }
"TYPE" { return new Symbol (sym.TYPE); }
"LINE" { return new Symbol (sym.LINE); }
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"RECTANGLE" { return new Symbol (sym.RECTANGLE); }
"ELLIPSE" { return new Symbol (sym.ELLIPSE); }
"POLYGON" { return new Symbol (sym.POLYGON); }
"GROUP" { return new Symbol (sym.GROUP); 1}
"POINTS" { return new Symbol (sym.POINTS); }
"CONTENTS" { return new Symbol (sym.CONTENTS); }
"FILE" { return new Symbol (sym.FILE); }

"COLOUR" { return new Symbol (sym.COLOUR); }
"COMPONENT" { return new Symbol (sym.COMPONENT); }

"EVENT" { return new Symbol (sym.EVENT); }

"START" { return new Symbol (sym.START); }

"MOUSE CLICK" { return new Symbol (sym.MOUSE_ CLICK); }
"KEYBOARD PRESS" { return new Symbol (sym.KEYBOARD PRESS); }
"VIS" { return new Symbol (sym.VIS); }

"AS" { return new Symbol (sym.AS); }

"IT" { return new Symbol (sym.IT); }

"POS" { return new Symbol (sym.POS); }

"ANGLE" { return new Symbol (sym.ANGLE); }

"SCALE" { return new Symbol (sym.SCALE); }

"TRUE" { return new Symbol (sym.TRUE); }

"FALSE"™ { return new Symbol (sym.FALSE); }

"ACTIVE" { return new Symbol (sym.ACTIVE); 1}

"IDLE" { return new Symbol (sym.IDLE); 1}

"SUSPENDED" { return new Symbol (sym.SUSPENDED); }
"MEET" { return new Symbol (sym.MEET); }

"NO MEET" { return new Symbol (sym.NO MEET); }

"ANY" { return new Symbol (sym.ANY); }

"SEQ" { return new Symbol (sym.SEQ); }

"TIMES" { return new Symbol (sym.TIMES); }

"CONDITION" { return new Symbol (sym.CONDITION); }
"OR" { return new Symbol (sym.OR); }

"AND" { return new Symbol (sym.AND); }

"ACTIONS" { return new Symbol (sym.ACTIONS); }

"START" { return new Symbol (sym.START); }

"STOP" { return new Symbol (sym.STOP); 1}

"RESUME" { return new Symbol (sym.RESUME); }

"PAUSE" { return new Symbol (sym.PAUSE); }

"HIDE" { return new Symbol (sym.HIDE); }

"SHOW" { return new Symbol (sym.SHOW); }

"PARENT" { return new Symbol (sym.PARENT); }

"ADD MEMBER" { return new Symbol (sym.ADD MEMBER); }
"REMOVE_MEMBER" { return new Symbol (sym.REMOVE MEMBER); }
"DESTROY" { return new Symbol (sym.DESTROY); }
"TRANSFORMATION" { return new Symbol (sym.TRANSFORMATION); }
"TRANSLATION" { return new Symbol (sym.TRANSLATION); }
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"ROTATION" { return new Symbol (sym.ROTATION); }

"SCALING" { return new Symbol (sym.SCALING); }
"COLOR_CHANGING" { return new Symbol (sym.COLOR_CHANGING); }
"TIME" { return new Symbol (sym.TIME); }

return new Symbol (sym.OPBRAC); }
return new Symbol (sym.CLOSEBRAC); }
return new Symbol (sym.OPARENT); }
return new Symbol (sym.CLOSEPARENT); }

" (
(
(
(
return new Symbol (sym.COMMA); }
(
(
(

" } 7”
" ( "
" ) "

14
" "
.

return new Symbol (sym.POINT); }

return new Symbol (sym.IS); }

n>n return new Symbol (sym.GREATER); }

T return new Symbol (sym.LESS); }

">=" { return new Symbol (sym.GREATER THAN); }
"<=" { return new Symbol (sym.LESS THAN); }
"==" { return new Symbol (sym.EQUAL); }

"<>" { return new Symbol (sym.NOT EQUAL); }
"+" { return new Symbol (sym.PLUS); }

"*" { return new Symbol (sym.MUL); }

w_mn

e e i e e e e e N

{SPECIAL CHARACTERS}+ { }

{ALPHA} ({ALPHA} | {DIGIT}| )*
{ return new Symbol (sym.STRING, yytext()); 1}

{DIGIT} ({DIGIT})™*
{return new Symbol (sym.NUMBER, yytext()); }

\"{STRING TEXT}\" { String str =
yytext () .substring(l, yytext().length() - 1);
return new Symbol (sym.STRING, yytext()):;
}

.{java.lang.System.out.println("Unmatched input: " +
yytext()); }

A3. Parser: Action code

Action code is the most important part of the parser. The code produced until now is
presented below:

import java cup.runtime.*;
import java.io.*;

action code {:
Jxxxkxxkxkkkkxx% PART 1 Classes Definition ****kkkkkkkkxhkhkrrx /
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/* Class describing Coordinates */

class Coord {
int x;
int y:;

}

/* Class describing Color */

class Colour {
int r;
int g;
int b;

}

/* Class describing a Scenario Object */

class scenarioObject {
String objectName;
String typeValue;
Coord coordValues]|[]
int coordIndex = 0;
String contents= "";
boolean isFilename;

= new Coord[ 15 ];

Colour colour = new Colour{();

/* variables changing continuously -
not treated yet */

boolean visibility = false;

String activityStatus = "IDLE";

int internalTime = 0;

float positionX;
float positionY;
float angle;
float scaleX;
float scaley;

}

/* This class will be used to hold elements about the law */

class law {
int firstConstant ;
String sign;
int secondConstant;

}

Jrxxk KKK KKKk kkkkk [,JST FOR SCENARIO OBJECTS

********************/

/* Class describing a Node of the Objects List */

class ListNode {
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scenarioObject data;
ListNode next;

ListNode( scenarioObject o )

{
data = o;
next = null;

}

ListNode( scenarioObject o, ListNode nextNode )

{
data
next

Oy
nextNode;

}

Object getObject() { return data; }

ListNode getnext{() { return next; }
}

/* Class defining the list */
class List {
private ListNode firstNode;
private ListNode lastNode;
private String ListName;
ListNode currentNode = null;
public List( String s )
{
ListName = s;
firstNode = lastNode = null;
}

public void insertAtFront ( scenarioObject insertItem )
{ if ( isEmpty() )
firstNode = lastNode = new ListNode ( insertItem });
else
firstNode = new ListNode ( insertItem, firstNode );

}

public void insertAtBack (scenarioObject insertItem )
{
if ( isEmpty() )
firstNode = lastNode = new ListNode( insertItem );
else
lastNode = lastNode.next = new ListNode ( insertItem );
}

public Object removeFromFront () throws EmptyListException

{
Object removeltem = null;
if ( isEmpty() )
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throw new EmptyListException( ListName );
removeltem = firstNode.data;
/* reset the first node and last node references */
if ( firstNode.equals( lastNode ) )

firstNode = lastNode = null;
else

firstNode = firstNode.next;
return removeltem;

public Object removeFromBack() throws EmptyListException
{

Object removeltem = null;

if ( isEmpty() )
throw new EmptylListException (ListName);

removeltem = lastNode.data;

/* reset the firstNode and lastNode references */
if ( firstNode.equals ( lastNode ))

firstNode = lastNode = null;
else

{
ListNode current = firstNode;

while ( current.next != lastNode )
current = current. next;

lastNode = current;

current.next = null;

return removeltem;
}

public boolean isEmpty() { return firstNode == null; }

public void print{()

{ if ( isEmpty() ) {
System.out.println( "Empty " + ListName );
return;
b
System.out.print( "The" + ListName + " is: ");

ListNode current = firstNode;
while\( current != null ) {

System.out.print ( current.data.objectName + " ");
System.out.print ( current.data.typevValue + " ");
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for ( int i = 0; i1 < current.data.coordIndex ; i++ ) {
System.out.print

({ current.data.coordValues[i].x + " ");
System.out.print
( current.data.coordValues[i].y + " ");
}
current = current. next;

}
System.out.println();
System.out.println{()

4

}

public void first{()
{
currentNode = firstNode;
System.out.print ( currentNode.data.objectName + " ");

}

public void advance ()
{
if ( currentNode != null )
currentNode = currentNode.next;

class EmptyListException extends RuntimeException {
public EmptyListException( String ListName )
{

super( "The " + ListName + " is empty"” );
}

/*** PART 2 Classes and variables related to statements ****x/
class Event ({

String objectName;

String eventType;

String equationValue;

int count;

/* Count has a specific value in the case of

complex event only */

}

class Condition {
/* Condition class has a structure similar to
the Event class */
String objectName;
String conditionType;
String conditionExpressionValue;
String operator;
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class Action {
String objectName;
String methodName;
Coord positionValue = new Coord():;
boolean visibilityValue;
Coord scaleValue = new Coordk);
int angleValue;
int time;
law laws[] = new law[3];
int lawIndex = 0;

k

class Statement ({

Event Events[] = new Event[5];

int eventIndex 0:

/* Notice that typically for every statement
there is only one event. To have more than
one events we must write a complex event
type. We suppose that a complex event can't
have more than five simple events
in the composition */

Condition Conditions[] = new Condition[5];
int conditionIndex = 0;
Action Actions[] = new Action[5]:;

int actionIndex = 0;

}

/*************** LIST FOR STATEMENT OBJECTS ***************/

/* Class describing a Node of the Objects List */
class ListNodeStat {
Statement data;
ListNodeStat next;

ListNodeStat ( Statement o )

{
data = o;
next = null;

ListNodeStat( Statement o, ListNodeStat nextNode )
{

data = o;
next = nextNode;
}
Object getObject() { return data; }

ListNodeStat getnext() { return next; }

Page 88



}

/* Class defining the list */

class ListStat {
private ListNodeStat firstNode;
private ListNodeStat lastNode;
private String ListName;
ListNodeStat currentNode = null;

public ListStat( String s )
{
ListName = s;
firstNode = lastNode = null;
}
public void insertAtFront ( Statement insertItem )
{ if ( isEmpty() )
firstNode = lastNode = new ListNodeStat ( insertItem );
else
firstNode = new ListNodeStat ( insertItem, firstNode );

public void insertAtBack (Statement insertItem )
{
if ( isEmpty () )
firstNode = lastNode = new ListNodeStat( insertItem );
else
lastNode = lastNode.next = new ListNodeStat
( insertItem );

}

public Object removeFromFront () throws EmptyListException
{
Object removeltem = null;
if ( isEmpty() )
throw new EmptyListException( ListName );
removeltem = firstNode.data;

/* reset the first node and last node references */
if ( firstNode.equals( lastNode ) )

firstNode = lastNode = null;
else
firstNode = firstNode.next;

return removeltem;

public Object removeFromBack () throws EmptyListException
( .

Object removeItem = null;

if ( isEmpty() )
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throw new EmptyListException (ListName);
removeltem = lastNode.data;

/* reset the firstNode and lastNode references */

if ( firstNode.equals ( lastNode ))
firstNode = lastNode = null;

else

{
ListNodeStat current = firstNode;

while ( current.next != lastNode )
current = current. next;

lastNode = current;

current.next = null;

return removeltem;
public boolean isEmpty() { return firstNode == null; }

public void print()

{ if ( isEmpty() ) {
System.out.println( "Empty " + ListName };
return;

}

System.out.print( "The" + ListName + " is: ");
ListNodeStat current = firstNode;

while ( current != null ) {
current = current. next;

}

System.out.println();
System.out.println();
}

public void first()
{

currentNode = firstNode;

}

public void advance ()

{

if ( currentNode != null )
currentNode = currentNode.next;
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/**%%%%%%%% PART 3 Global Variables Definition ******x*xxx*xx%/

String VRML File;

FileWriter VRML FileWriter;
BufferedWriter VRMLfileBuffer = null;
String VRML line = null;

scenarioObject currentObject = new scenarioObject();
List scenario object list = new List("Object List");
Event currentEvent = new Event():;

Condition currentCondition = new Condition{();

Action currentAction = new Action();

law currentLaw = new law();

Statement currentStatement = new Statement():;

ListStat statementlist = new ListStat ("Statement List");

/******* PART 4 Program Procedures Definition ****xxx*xxxkkkk/

/********************OBJECT CREATION***********************/

/* Create the file and assign the first common file lines */

public void Create_Output File()
{

try

{
VRML _File = "d:\\jdkl.2.1\\bin\\output.wrl";
VRML FileWriter = new FileWriter ( VRML File );
VRMLfileBuffer = new BufferedWriter( VRML FileWriter );

/* Write the first basic line */
VRML_line = "#VRML V2.0 utf8";
VRMLfileBuffer.write( VRML line );
VRMLfileBuffer.newlLine( );

catch ( Exception IOException )
{
System.out.println("1" ); -
System.out.println
("I can't create or write to this file"™ );
}
} /* End of Create_Output File() */
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public void Close Output File() {

try

{
VRMLfileBuffer.close( );

}

catch ( Exception IOException )
{
System.out.println("2" );
System.out.println("I can't close this file" );

}
} /* End of Close Output File() */

public void Assign Object _To ListNode() {

scenario object list.insertAtBack(currentObject);

/* ———CEERSSaR - Write a line to the VRML file------—---——-- */
public void writeVRMLline () {

try

{
VRMLfileBuffer.write( VRML line );
VRMLfileBuffer.newLine( };

}
catch ( Exception IOException )

{
System.out.println("3" };
System.out.println("I can't close this file" );

/* B —— Clear Scenario Object---——=—=———————cc-—— * /
public void Clear Scenario Object () {
currentObject = new scenarioObject();
}
[* mmm——————— Assign_Object Name Value----——-~—-——-—-—o——- */

public void Assign Object Name Value( String lobjectName) {
currentObject.objectName = lobjectName;

}



public void Assign Type Value( String ltypeValue) {
currentObject.typeValue = ltypeValue;
}

/* e - —mmemo—mees Assign Coordinate x----=-======———-- */
public void Assign coordinate x( int lcoord ) ({

currentObject.coordValues[currentObject.coordIndex]
new Coord():

currentObject.coordValues|[currentObject.coordIndex].
lcoord;

b3
Il

public void Assign coordinate_y( int lcoord ) ({

currentObject.coordValues[currentObject.coordIndex] .y =
lcoord;
currentObject.coordIndex = currentObject.coordIndex + 1;

[F ——ShEmssms S oSS assignContents-—-~—-——=——————ee———— */
public void assignContents( String lContents ) {
currentObject.contents = 1Contents;
}
/* mmmemem— e —————— assignIsfile-——-——-—-—---—-—————mu */
public void assignIsfile( String lisFile ) {
if (lisFile == "FILE")
{
currentObject.isFilename = true;
}
else
currentObject.isFilename = false;
}
[* e Assign colour r——-—--—-——-————————————_ */

public void Assign_colour_r( int 1lr) ({
currentObject.colour.r = lr;

}
/-SSR Assign colour_gs-—-——-=——————————me—m—m 4
public void Assign_colour g( int 1lg) {

currentObject.colour.g = 1lg;

}
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public void Assign colour b( int 1lb) {
currentObject.colour.b = 1by;

}

public void Create Objects() |
try
{

scenario object list.first();

while ( scenario object list.currentNode != null ) {
if ( scenario object list.currentNode.data.typeValue

== "RECTANGLE" )
createRectangle();

else if (scenario_object list.

== "LINE" )
createline () ;

else if (scenario_object_ list.

== "ELLIPSE" )
createEllipse():

else if (scenario object list.

== "POLYGON" )
createPolygon () ;

else if (scenario_object list.

== "GROUP" )
createGroup();

currentNode.data.typeValue

currentNode.data. typeValue

currentNode.data.typeValue

currentNode.data.typeValue

scenario object list.currentNode =
scenario_object_list.currentNode. next;

} /* end while */
}

catch ( Exception IOException )

{
System.out.println("4" );
System.out.println

("I can't create or write to this file" ); }

} /* end of method */

public void createRectangle ()

{ .
try
{

/* Create PROTO for Rectangle */

VRML line = "PROTO " +
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scenario object list.currentNode.data.objectName + "[ ]1";
writeVRMLline () ;
VRML line = "{";
writeVRMLline () ;

/* Create shape node */

VRMIgline =34 Shape { ";
writeVRMLline () ;
VRML line = " geometry Box { size " +

Integer.toString
(scenario_object list.currentNode.data.coordValues[0].x)
+ "w " +
Integer.toString
(scenario_object list.currentNode.data.coordValues[0].y)
+ " 0.0000001 }";

writeVRMLline () ;

/* Create appearance node */

VRML line = " appearance
Appearance { ";

writeVRMLline ()

/* Create Material Node */
VRML line = "

material Material { ";
writeVRMLline () ;

/* check if it is needed to create the
diffuseColor Attribute */
if ( (scenario_object_list.currentNode.data.colour.r == 0)
&&
(scenario_object list.currentNode.data.colour.g == 0)
&&
(scenario_object list.currentNode.data.colour.b == 0) )

/* Close Material Node */

VRML line = " Yo"

writeVRMLline () ;

}

else

/* create diffuseColor attribute */
{

VRML line = " diffuseColor "o+
Integer.toString
(scenario_object_list.currentNode.data.colour.r)
+ ”" " + -

Integer.toString

(scenario_object list.currentNode.data.colour.g)
+ " " +

Integer.toString

(scenario object list.currentNode.data.colour.b)

Page 95



+ ” }";
writeVRMLline () ;
}

/* if there is contents then we must create
the ImageTexture Node */
if (scenario_object list.currentNode.data.contents != "")

{

VRML line = "texture ImageTexture { url "
+ scenario_object list.currentNode.data.contents
+ " } " ;

writeVRMLline () ;

/* Close Appearance Node */
VRML line = " I
writeVRMLline () ;

/* Close Shape Node */
VRML line =" P
writeVRMLline () ;

/* End of PROTO Rectangle */
VRML line = "} #end of RECTANGLE prototype";
writeVRMLline () ;

/* write an empty line to separate PROTO */
VRML line = "";
writeVRMLline () ;

}
catch ( Exception IOException )
{
System.out.println("5" );
System.out.println("I can't create or write to this file" );

public void createLine ()
{
try

{
/* Create PROTO for Line */

VRML line = "PROTO " +
scenario_object_list’.currentNode.data.objectName
+ " [ ]"’.

writeVRMLline () ;

VRML line = "{";

writeVRMLline () ;
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/* Create shape node */
VRML line = " Shape { ";
writeVRMLline () ;

VRML line = " geometry IndexedLineSet {

writeVRMLline () ;

/* Create coord Coordinate node */

L1
’

VRML line = " coord Coordinate ({
peodntliisME;

for ( int i = 0; 1 <

scenario object_list.currentNode.data.coordIndex ; i++ ) {

VRML line = VRML_line + Integer.toString

(scenario_object list.currentNode.data.coordValues[i].x)

+ " ” ;
VRML line = VRML line + Integer.toString

(scenario_object list.currentNode.data.coordValues[i].y)

+ " n ;
VRML line = VRML line + "0 ";
VRML line = VRML line + " ",

}
VRML line = VRML line + " ] } ";
writeVRMLline () ;

/* Create Coord Index attributes */

VRML line = "coordIndex [ =y

for ( int i = 0; 1 <

scenario object list.currentNode.data.coordIndex ;
VRML line = VRML line + Integer.toString(i) + "

}

VRML line = VRML line + " -1 1";

writeVRMLline () ;

/* create color attribute */

VRML line = "color Color { color [ "™ +
Integer.toString

(scenario_object list.currentNode.data.colour.r) +
Integer.toString

(scenario_object list.currentNode.data.colour.g) +
Integer.toString

(scenario_object list.currentNode.data.colour.b) +
writeVRMLline () ;

/* create colorPerVertex attribute */
VRML line = "colorPerVertex FALSE ";
writeVRMLline () ;

/* Close Indexed Line Set Node */
VRML line =" j
writeVRMLline () ;

/* Close Shape Node */

i++ )

{

Page 97



VRML_line =" }";
writeVRMLline () ;
/* End of PROTO Line */
VRML line = "} #end of LINE prototype";
writeVRMLline () ;
}
catch ( Exception IOException )
{
System.out.println("6" );
System.out.println
("I can't create or write to this file"” ); }

public void createEllipse()

{
/* local variables declaration */
float scaleFactor;

try

{
/* Create PROTO for Ellipse */

VRML line = "PROTO " +
scenario_object list.currentNode.data.objectName
+ " [ ]";

writeVRMLline();

VRML line = "{";

writeVRMLline () ;

/* Create Transform node */

VRML line = " Transform { ";
writeVRMLline () ;

VRML line = " rotation 0 1 1 3.14 ";
writeVRMLline () ;

VRML line = " scale g

/* compute x radious */

scaleFactor =
(scenario_object list.currentNode.data.coordvValues[0].x
/ 2)
/ scenario_object list.currentNode.data.coordValues[0].y
/ 2);

VRML line = VRML line + Float.toString(scaleFactor)
+ " 1 1 ";

writeVRMLline () ;
/* Create children Shape Node */

VRML line = " children Shape { ";
writeVRMLline () ;
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/* create geometry node */

VRML line = "geometry Cylinder { radius " +
scenario object list.currentNode.data.coordvValues[0].y
/2 +

" height 0.00000000001 1}";
writeVRMLline () ;

/* create appearance node */
VRML line = "appearance Appearance { ";
writeVRMLline () ;

/* create material node */

VRML_line = "material Material { diffuseColor " +
Integer.toString
(scenario object list.currentNode.data.colour.r)
+ " " + - -
Integer.toString
(scenario object list.currentNode.data.colour.qg)
+ " ” + - -
Integer.toString
(scenario object list.currentNode.data.colour.b)
+ ” } " ,. - '

writeVRMLline () ;

/* Close appearance node */
VRML line =" P
writeVRMLline () ;

/* Close Shape Node */
VRML line =" }";
writeVRMLline () ;

/* Close Transform Node */
VRML line =" }";
writeVRMLline () ;

/* End of PROTO Ellipse */
VRML line = "} #end of ELLIPSE prototype";
writeVRMLline () ;
}
catch ( Exception IOException )
{
System.out.println("7" );
System.out.println
("I can't create or write to this file” ); }

/* oo Create Polygon---—---—-—————————=—o———____ * /
public void createPolygon()

{
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try

/

/* Create PROTO for Polygon */

VRML line = "PROTO " +
scenario object list.currentNode.data.objectName
+ "” [ ]",T -

writeVRMLline () ;

VRML line = "{";

writeVRMLline () ;

/* Create shape node */

VRML line = " Shape { ";
writeVRMLline () ;
VRML line = " geometry IndexedFaceSet { ";

writeVRMLline () ;

* Create coord Coordinate node */

coord Coordinate

VRML line = "

point [
for ( int i = 0; i <
scenario_object_list.currentNode.data.coordIndex ; i++ )

14

VRML line = VRML line + Integer.toString
(scenario_object list.currentNode.data.coordValues[i].x)
+ ” ";
VRML line = VRML line + Integer.toString
(scenario_object_list.currentNode.data.coordValues[i].y)
+ n" ";
VRML line = VRML line + "0 ";
VRML line = VRML line + " ";
}
VRML line = VRML line + " ] } ";
writeVRMLline () ;
/* Create Coord Index attributes using a special
algorithm in case of polygon */
VRML line = "coordIndex [ ";
for ( int k = 0; k <
scenario_object_list.currentNode.data.coordIndex; k++) {
for ( int 1 = 0; 1 <
scenario object list.currentNode.data.coordIndex;i++ )
{ if (k != i)
VRML line = VRML line + Integer.toString(i) + " ";
} /* end of for i */
VRML_line = VRML line + "-1 ";
.} /* end of for k */
VRML line = VRML line + " ] ";
writeVRMLline () ;

/* create color attribute */
VRML line "color Color { color |

",
’
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for | (YintMiEsELQ, S

scenario_object_list.currentNode.data.coordIndex;i++ )y {
VRML line = VRML_line + Integer.toString
(scenario_object list.currentNode.data.colour.r)
+ ” ";
VRML line = VRML_line + Integer.toString
(scenario object_list.currentNode.data.colour.q)
+ "w " ;
VRML line = VRML_line + Integer.toString
(scenario object list.currentNode.data.colour.b)
+ " q ” ; b o

}
VRML line = VRML_ line + "]}";
writeVRMLline ()

/* create colorPerVertex attribute */
VRML line = "colorPerVertex FALSE ";
writeVRMLline () ;

/* Close Indexed Face Set Node */
VRML line =" "
writeVRMLline () ;

/* Close Shape Node */
VRML line =" }";
writeVRMLline () ;
/* End of PROTO Polygon */
VRML line = "} #end of LINE prototype";
writeVRMLline () ;
}
catch ( Exception IOException )
{
System.out.println("8" );
System.out.println
("I can't create or write to this file" ); }

[* EEees S Create Group-----—---——-—--==—==—-—-——————— =y

public void createGroup ()

{

/* In this function we must be able to create and groups inside a
group. For this purpose we must use a stack structure. At this
moment we will create the simplest group algorithm which is about
one single group */ .
scenarioObject groupTable[] = new scenarioObject[10];

/* We suppose that the group has in the maximum 10 objects */

int objectCount;
/* This variable shows how many objects the group contains */
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groupTable[0] = scenario object list.currentNode.data;
/* The first element of the table is always the group node.
It is this place that I always must use as reference */

for ( int i = 0; 1 < groupTable[0].coordIndex ; i++ ) {
scenario object_list.advance(); )
groupTable[i + 1] = scenario object list.currentNode.data;

/* Writing in the VRML file the PROTO for each group */

if ( scenario_object list.currentNode.data.typeValue
== "RECTANGLE" )
createRectangle();

else if ( scenario object list.currentNode.data.typeValue
— "LINE" )
createline();

else if ( scenario object_ list.currentNode.data.typeValue
== "ELLIPSE" )
createEllipse();

else if ( scenario_object list.currentNode.data.typeValue
== "POLYGON" )
createPolygon();

}

/* Create PROTO for group using information from groupTable */

try

{
VRML line = "PROTO " + groupTable[0].objectName + " [ ]";
writeVRMLline () ;
VRML line = "{";

writeVRMLline () ;

/* Create group node */

VRML line = " Group { ";
writeVRMLline ();
VRML line = " children [ ";

writeVRMLline () ;
for ( int i = 1; i <= groupTable[0].coordIndex; i++ ) {

/* Create Transform node for each child */
VRML line = " Transform { ";
writeVRMLline () ;

/* Translate object */ —

VRML line = " translation "
+ groupTable[0] .coordvalues([i-1]1.x + " " +

groupTable[0] .coordValues[i-1].y + "™ 0O";

writeVRMLline () ;

/* Define children name */
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VRML line = " children " +
groupTable[i}.objectName + " {}";
writeVRMLline () ;

VRML line = " "o
writeVRMLline () ;
} /* end for command for each child */

/* Close children and group node */
VRML line = " 11"
writeVRMLline () ;
/* Close PROTO node */
VRML line = " o
writeVRMLline () ;
} /* end try */
catch ( Exception IOException )
{
System.out.println("9" );
System.out.println("I can't create or write to this file" );

}
}

[******k* PART 5 Program Procedures Definition ****xxxxxxxi*/

/************************EVENT CREATION************************/

/* —-------Assign Event Object Name---------—-"""-———mmmo——— */

public void assignEventObjectName( String leventObjectName) {
currentEvent.objectName = leventObjectName;

}

public void assignEventType( String leventType) {
currentEvent.eventType = leventType;

}

/* ==------Assign Equation Value---=-—-—-——-—--=o-—————— * /
public void assignEquationValue( String lequationValue) {
/* This function must read the string equation value and
translate it to the right format. It is not defined for the
moment */

}

AR -Assign Count Value-----------—-———-—————— */

public void assignCount( int lcount) ({
currentEvent.count = lcount;

}
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public void assignEventToEventArray () {

currentStatement.Events|[currentStatement.eventIndex]

= currentEvent;
currentStatement.eventIndex = currentStatement.eventIndex + 1;

[ == ——— el Clear current event object -——-—-—-----——==-- */
public void clearCurrentEvent () {
currentEvent = new Event();

}

[* —mmmmm——— CreatlEf VRt lR: sme s e e — — =g === — =~z =%/
public void createEvent (Event levent) {
if ( levent.eventType == "START" )
startEvent (levent) ;
else if ( levent.eventType == "MOUSE CLICK" )

mouseClick(levent);

}

/* — —----Events procedures -—-——————--———————————— *x/

[* mmmmmmmm START EVENT == -— oo */

public void startEvent (Event levent) ({

/* Start event doesn't produce any VRML code but is written for
compatibility reason */

}

/* ———————— MOUSE CLICK EVENT -—-==r——mm * /
public void mouseClick(Event levent) {
/* Mouse click event assign to Touch Sensor 's enabled attribute
the value TRUE */
try
{
/* write an empty line */
VRML line = " ";
writeVRMLline () ;

VRML line = " DEF TOUCH" + levent.objectName
+ " TouchSensor { enabled TRUE }" ;
writeVRMLline ();

/* write another empty line */
VRML line = " "; .
writeVRMLline () ;
}
catch ( Exception IOException )
{
System.out.println("10" );
System.out.println("I can't create or write to this file" );
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[* mmmm e KEYBOARD PRESS EVENT —-——=—=—-—-—o———oe—e */

keyboardPress (Event levent) ({

J* mmmmm e COLOUR EXPRESSION EVENT =--—--—--—=———emu */

colourExpression (Event levent) {

[* mmmmmm e CONTENTS EXPRESSION EVENT —====——-———mmmo */

contentsExpression(Event levent) {

/% mmmmmmm— e VISIBILITY EXPRESSION EVENT ———=—-———=m———eoe * /

visibilityExpression{(Event levent) {

J* mm—mmmmme e ACTIVITY STATUS EXPRESSION EVENT =——-—-——ce—w—— */

activityStatusExpression(Event levent) {

/¥ —mmm— - INTERNAL TIME EXPRESSION EVENT ——-=-———————me——— */

internalTimeExpression(Event levent) {

e POSITION EXPRESSION EVENT =—===-—====——m—————e */

positionExpression(Event levent) ({

/* mmmmmmm e ANGLE EXPRESSION EVENT ——=====—c—c——mmmmmm */

angleExpression (Event levent) {

[* e SCALE EXPRESSION EVENT ~=—mme-me—mmmmmmmmemme */

scaleExpression (Event Xevent) ({

R MEET EXPRESSION EVENT —~—-—== oo */

meetExpression (Event levent) {
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J* mmmmmmmmm e NO MEET EXPRESSION EVENT ———=-———-e—mm—mmao */
public void noMeetExpression (Event levent) {

[* mmmmmmmmmm TIME EVENT ———==——mmmmmm o e e * /
public void timeEvent (Event levent) ({

[* mmmmm e m e ANY EVENT ——————— e o */
public void any(Event levent) ({

J* mmmmmmmmmmmem SEQ EVENT ———-————m— oo~ */
public void seq(Event levent) {

J* mmmmm e TIMES EVENT —————————m e */
public void times (Event levent) ({

J*FxFFFxAkxxx%x PART 6 Program Procedures Definition *****xx*xxx*/

/*********************CONDITION CREATION**********************/

/¥ mm——————e Assign Condition Object Name--—----—-----———————— Li//

public void assignConditionObjectName( String
lconditionObjectName) {

currentCondition.objectName = lconditionObjectName;
}
/¥ = — e Assign Condition Type---—-—---———--—————————————— */
public void assignConditionType( String lconditionType) {
currentCondition.conditionType = lconditionType;
}
/* —mmm—m—— Assign condition expression Value—------—----—-——- */

public void assignconditionExpressionValue

( String lconditionExpressionValue) {
/* This function must read the string equation value and
translate it to the right format. It is not defined for the
moment */

}

[* e — e Assign operator Value--——--—-——--—--————————— */
public void assignOperator( String loperator) {
currentCondition.operator = loperator;

}

Page106



A R S e Assign conditions to Condition Array -------- -*/
public void assignConditionToConditionArray() {
currentStatement.Conditions[currqntStatement.conditionIndex]
= currentCondition;
currentStatement.conditionIndex =
currentStatement.conditionIndex + 1;

J* —mm—————— Clear current condition object ==========—-—————- */
public void clearCurrentCondition() {
currentCondition = new Condition();
}
[ * ey — — S Create conditjion -—————==————m————————————%*/

public void createCondition(Condition lcondition) ({
/* no if statement defined yet */
}

/* —=====——-—-Conditions procedures =—-—-—————————=m=——m——e——o—- */

J¥ mmm e COLOUR CONDITION ====mo—mmmm e */
public void colourCondition(Condition lcondition) ({

}

[* mmm e CONTENTS CONDITION ————————m e */
public void contentsCondition(Condition lcondition) {

}

J* mmmm e VISIBILITY CONDITION —=~=—=————m e * /
public void visibilityCondition (Condition lcondition) {

}

J* mmm e e ACTIVITY STATUS CONDITION —=—=mm=me—o—m—mmmee */
public void activityStatusCondition(Condition lcondition) {

J* mmmmmmmmmm—e INTERNAL TIME CONDITION ======—————m—mmmmmem */
public void internalTimeCondition (Condition lcondition) {

}

AR - T POSITION CONDITION ——==mm- e mmmmmmmo * /
public void positionCondition{(Condition lcondition) ¢{

}
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[* mmmmmmmmmee ANGLE CONDITION —======—=—=—————m———m e o mmme */
public void angleCondition(Condition lcondition) {

J* mmmmm e SCALE CONDITION ===m=mmm——m——m—mmmmmme oo */
public void scaleCondition(Condition lcondition) {

J* mmmmmm—mm oo MEET CONDITION —===— o mmmm e */
public void meetCondition (Condition lcondition) ({

/¥ mm——— NO MEET CONDITION == === ——m o */
public void noMeetCondition(Condition lcondition) {

J* e TIME CONDITION —==———————m e */
public void timeCondition(Condition lcondition) {

JrxFxFHFFEAHAAx PART 7 Program Procedures Definition *****x*kxxx/

/*********************ACTIONS CREATION********************/

A e Assign Action Object Name ———-————-——-—- */
public void assignActionObjectName( String lobjectName) {
currentAction.objectName = lobjectName;

}

[ * immmmn———— Assign Method Name -—————————m——m——m—m e ey
public void assignMethodName ( String lmethodName) {
currentAction.methodName = lmethodName;

}

/* —eeRRELE RS Assign Action Position X —-—==—-----mmmmmmo—— */

public void assignActionPosX( int lactionPosX) {
currentAction.positionValue.x = lactionPosX;

) a

J* e Assign Action Position Y —=———mmmmmmmm */
public void assignActionPosY( int lactionPosY) {
currentAction.positionValue.y = lactionPosY;

}

/% ——m————— Assign Action Visibility -—-=-—=----omom */
public void assignActionVisibility(String lactionVisibility) {
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if (lactionVisibility == "TRUE")
currentAction.visibilityValue = true;

else if (lactionVisibility == "FALSE")
currentAction.visibilityValue = false;

else
System.out.println
("This is not an acceptable visibility value");

/* S ———=s Assign Action Scale X -———=—cccmcmmmmm 3/
public void assignActionScaleX( int lactionScaleX) {
currentAction.scaleValue.x = lactionScaleX;

}

[* ——g— SRS Assign Action Scale ¥ ——-—-————-—mmmmm e */
public void assignActionScaleY( int lactionScaleY) {
currentAction.scaleValue.y = lactionScaleY;

}

[* ——mmEmmmmm— oo Assign Action angle law —————————————————w——— */
public void assignActionAnglelaw () {

currentAction.laws[0] = currentlLaw;

currentlLaw = new law();

J* ———————— Assign Action Translation law —-—————————— e */
public void assignActionTranslationLaw() {
if ( currentAction.lawIndex == Y |
currentAction.laws[0] = currentlLaw;
currentAction.lawIndex = currentAction.lawIndex + 1;
currentLaw = new law();
}
else
{
currentAction.laws[l] = currentLaw;
currentLaw = new law();

R e e e Assign Action Scaling law -—-—————--———————--—— */
public void assignActionScalinglLaw () {
if ( currentAction.lawIndex == 0 ) ({
currentAction.laws[0] = currentlaw;

currentAction.lawIndex = currentAction.lawIndex + 1;
currentlaw = new law();

}

else

{

currentAction.laws[l] = currentlLaw;
currentLaw = new law();
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/* —=sEmses AssignsBctionttogaction Array —smosmsooonmorTsoSTnToT */
public void assignActionToActionArray () {

currentStatement.Actions[currentStatément.actionIndex] =
currentAction;

currentStatement.actionIndex = currentStatement.actionIndex
+ ey

[* mmmm Clear current Action object ---—————--—--——--- 2
public void clearCurrentAction() {
currentAction = new Action();

}

J* mmmm———————e Create Nodes for Actions ~-———-=----comm */
public void createActions(Action laction) {
try
{
if (laction.methodName == "START" )
start(laction);
else if (laction.methodName == "STOP")
stop(laction);

else if (laction.methodName == "RESUME")
resume (laction);

else if (laction.methodName == "PAUSE")
pause (laction);

else if (laction.methodName == "HIDE")
hide(laction);

else if (laction.methodName == "SHOW")
show(laction);

else if (laction.methodName == "ADD MEMBER")

addMember (laction);
else if (laction.methodName
removeMember (laction);

"REMOVE MEMBER")

else if (laction.methodName == "DESTROY")
destroyChild(laction);

else if (laction.methodName == "DISCRETE TRANSLATION")
discreteTranslation(laction);

else if (laction.methodName == "DISCRETE ROTATION")
discreteRotation{(laction)

else if (laction.methodName == !DISCRETE SCALING")
discreteScaling(laction}); B

else if (laction.methodName == "DISCRETE COLOR CHANGING")
discreteColorChanging(laction); = B

else if (laction.methodName == "CONTINUOUS TRANSLATION")
continuousTranslation(laction); -

else if (laction.methodName == "CONTINUOUS ROTATION")
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continuousRotation(laction)
else if (laction.methodName =
continuousScaling(laction);
else if (laction.methodName == "CONTINUOUS COLOR_CHANGING")

continuousColorChanging(laction);

= "CONTINUOUS SCALING")

}

catch ( Exception IOException )

{
System.out.println("11" );
System.out.println("I can't create or write to this file" );

}
} /* end of method */

[ e - — e Start Action ————=——mm */

public void start( Action laction ) {

/* This action is joined with Mouse_click action. This must
probably change in the future */

try

{
/* Create Translation for the refered Object */

VRML line = "DEF " + laction.objectName + " Transform { ";
writeVRMLline () ;

VRML line = " translation " +
Integer.toString(laction.positionValue.x) +
+ Integer.toString(laction.positionValue.y) + "™ 0" ;
writeVRMLline ()

" "

/* Create children node */
VRML line = " children [ " + laction.objectName + "{ } 1":

writeVRMLline () ;

/* Close transform node */
VRML line = " }";
writeVRMLline () ;

}

catch {( Exception IOException )

{
System.out.println("12" );
System.out.println("I can't create or write to this file" ):

}
}

[F e — R e Stop Action ————4sr———————— - —aHRe - */
public void stop(Action laction) {

}

/F e m — ———— - Resume Action ==-——-—————————————— e */
public void resume (Action laction) {

}
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A — Lt Pause ACtion == — e — o e e i i3 Jf

public void pause (Action laction) {

/* e — - e — —mwes Hide Action mss-———-—————— = e */

public void hide(Action laction) {

[* —mmmmm e - Show Action —=-—=—==--c——mmmmm * /

public void show(Action laction) {

[* ———————————— Add Member Action --——-------———-m w

public void addMember (Action laction) {

[* —mmmm s e Remove Member Action —-==-—--m-——moeommo— */

public void removeMember (Action laction) ({

/¥ e fe-————— Destroy Action
public void destroyChild(Action laction) {

[ m—————— Discrete Translation Action —-=-—=-----=---—cmmo———— */

public void discreteTranslation(Action laction)

/* Create position Interpolator */

VRML line = " DEF POS" + laction.objectName + "

PositionInterpolator { ";
writeVRMLline () ;

/* in Discrete transformation key has only
VRML line = " key [ 01 " ; 1
writeVRMLline () ;

/* Key values */

VRML line = " keyValue [ " ;

VRML line = VRML line +
Integer.toString(laction.positionValue.x)

+
Integer.toString(laction.positionValue.y) +

the zero value */

Oll;
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VRML line = VRML line + " ] }";
writeVRMLline () ;

/* Empty line */
VRML line = " " ;
writeVRMLline () ;

/* Create time sensor to trigger the position Interpolator */
VRML line = " DEF TIME" + laction.objectName + " TimeSensor

) 27

writeVRMLline () ;

/* Empty line */
VRML line = " " ;
writeVRMLline () ;

/* Creating routes to translate object */

VRML line = "ROUTE TOUCH" + laction.objectName +
".touchTime TO TIME" + laction.objectName + ".startTime";
writeVRMLline () ;

VRML line = "ROUTE TIME" + laction.objectName +
".fraction changed TO POS" + laction.objectName +
".set fraction";

writeVRMLline () ;

VRML line = "ROUTE POS"™ + laction.objectName +
".value changed TO " + laction.objectName +
".set translation";

writeVRMLline () ;

}
catch ( Exception IOException )

{
System.out.println("13" );
System.out.println("I can't create or write to this file" );

A Discrete Rotation Action --=-—-—---—-mmmmmm k7
public void discreteRotation(Action laction) ({

e e Discrete Scaling Action -=———-————-—-—mmmmooo——u 37/
public void discreteScaling(Action laction) {

/¥ mmm————— Continuous Translation Action —--—-———— e * /
public void continuousTranslation(Action laction) {
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int y;

try

{
/* write an empty line */
VRML line = " ";
writeVRMLline () ;

/* Create position Interpolator */

VRML line = " DEF POS" + laction.objectName + "
PosiEionInterpolator {";

writeVRMLline () ;

/* we decide to approximate using 10 keys each time */

VRML line = " key [ " ;
for ( int i = 0; i<= 9 ; i++ ) {
VRML line = VRML line + " " + Integer.toString(i);
}
VRML_line = VRML line + " ]";
writeVRMLline () ;

/* write an empty line */
VRML line = " ";
writeVRMLline () ;

/* BApproximate key values */

VRML line = " keyValue [ " ;
for ( int 1 = 0; 1 <= 9 ; i++ ) {
X = laction.laws[0].firstConstant*i +
laction.laws[0] .secondConstant;
y = laction.laws[l].firstConstant*i +
laction.laws[1l] .secondConstant;
VRML line = VRML line + Integer.toString(x) + " "

+ Integer.toString(y) + " 0,";
}
VRML line = VRML line + " ] }";
writeVRMLline () ;

/* write an empty line */
VRML line = " ";
writeVRMLline () ;

/* Create time sensor using 3.0 as interval */

VRML line = " DEF TIME" + laction.objectName
+ " TimeSensor { "; i
writeVRMLline () ;

VRML line = " cyclelInterval 3.0 }";

writeVRMLline () ;
/* write an empty line */

VRML line = " ";
writeVRMLline () ;
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/* Creating routes to animate object */

VRML line = "ROUTE TOUCH" + laction.objectName +
" .touchTime TO TIME" + laction.objectName

+ ".startTime";

writeVRMLline () ;

VRML line = "ROUTE TIME" + laction.objectName +
".fraction changed TO POS" + laction.objectName +
".set fraction";

writeVRMLline () ;

VRML line = "ROUTE POS" + laction.objectName +
"TiVEd uellehanded¥TO Nt IHi *lact iontlobjectName +
".set translation";

writeVRMLline () ;

}
catch ( Exception IOException )

{

System.out.println("14" );

System.out.println("I can't create or write to this file" );
}
}

[* SR EEERoSS Continuous Rotation Action -—-~——-—-——————muu—ao */
public void continuousRotation(Action laction) {

double angle;
double keyArray[] = { 0.0, 0.1, 0.3, 0.6, 0.8, 1.0 } ;

try
{

/* write an empty line */
VRML line = " ";
writeVRMLline () ;

/* Create orientationInterpolator */

VRML line = " DEF OI" + laction.objectName + "
OrientationInterpolator { ";
writeVRMLline () ;

/* Create Keys. We decide to approximate using 6 keys each
time */

VRML line = " key [ 0.0, 0.1, 0.3, 0.6, 0.8, 1.0 ] " ;

writeVRMLline () ;

/* Create key values using the law */

VRML line = " keyValue [ " ;

for ( int 1 = 0; 1 <=5 ; i++ ) {
angle = laction.laws[0].firstConstant*keyArray[i] +
laction.laws[0] .secondConstant;
VRML line = VRML line + " 0 0 1 " +Double.toString(angle);

if (i != 5) { VRML line = VRML line + ", "; }
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}

VRML line = VRML line + " ] }";
writeVRMLline () ;

/* write an empty line */
VRML line =" ";
writeVRMLline () ;

/* Create time sensor using 3.0 as interval */
VRML line = " DEF TIME" + laction.objectName +
" TimeSensor { ";

writeVRMLline () ;

VRML line = " cycleInterval 3.0 }";

writeVRMLline () ;

/* write an empty line */
VRML line = " ";
writeVRMLline () ;

/* Creating routes to rotate object */

VRML line = "ROUTE TOUCH" + laction.objectName +
".touchTime TO TIME" + laction.objectName + ".startTime™;
writeVRMLline () ;

VRML line = "ROUTE TIME" + laction.objectName +
".fraction_changed TO OI" + laction.objectName +
".set fraction";

writeVRMLline () ;

VRML line = "ROUTE OI" + laction.objectName +
".value changed TO " + laction.objectName + ".rotation";
writeVRMLline () ;

/* write an empty line */
VRML line = " ";
writeVRMLline () ;
}
catch ( Exception IOException )
{
System.out.println("15" );
System.out.println("I can't create or write to this file" );
}
} -
/* —-—==---—----Continuous Scaling Action —--=---—--—c———mmmmme___ &y
public void continuousScaling(Action laction) {
double x scale;
double y_ scale;
try
{

/* write an empty line */
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VRML line = " ";
writeVRMLline () ;

/* Create position Interpolator */

VRML_line = " DEF POS" + laction.objectName + "
PositionInterpolator { "; .
writeVRMLline () ;

/* Approximate using 10 keys each time as in continuous
translation case */

VRML line = " key [ " ;
for ( int i = 0; 1i<= 9 ; i++ ) {
VRML line = VRML line + " " + Integer.toString(i):;

}
VRML line = VRML line + " ]";
writeVRMLline();

/* write an empty line */
VRML line = " ";
writeVRMLline () ;

/* Approximate key values */

VRML line = " keyValue [ " ;
for ( int i = 0; 1 <= 9 ; i++ ) {
x_scale = laction.laws[0].firstConstant*i +

laction.laws[0] .secondConstant / 25;
y _scale = laction.laws[1l].firstConstant*i +
laction.laws[1l] .secondConstant / 25;
VRML line = VRML_line + Integer.toString(x scale) + " " +
Integer.toString(y_scale) + " 0,";

}

VRML___line = VRML_line + "] "

writeVRMLline () ;

/* write an empty line */
VRML line = " ";
writeVRMLline () ;

/* Create time sensor using 3.0 as interval */
VRML line = " DEF TIME" + laction.objectName

+ " TimeSensor { ";
writeVRMLline () ;
VRML line = " cycleInterval 3.0 }";
writeVRMLline () ;
/* write an empty line */
VRML line = " ";
writeVRMLline () ;

/* Creating routes to animate object */
VRML line = "ROUTE TOUCH" + laction.objectName
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+ ".touchTime TO TIME" + laction.objectName
+ ".startTime";
writeVRMLline () ;

VRML line = "ROUTE TIME" + laction.objectName +
".fraction changed TO POS" + laction.objectName +
".set fraction"; p

writeVRMLline () ;

VRML line = "ROUTE POS" + laction.objectName +
".value changed TO " + laction.objectName + ".set scale";
writeVRMLline () ;

}
catch ( Exception IOException )

{
System.out.println("14" );
System.out.println("I can't create or write to this file" );

}
}

/¥ ——m—mmme——— Continuous Color Changing Action —-----—-—----—-—--- */
public void continuousColorChanging(Action laction) {

}

/******************** statement List ***************************/

[* —mm———————— e Assign statement to statement list ===———-—-—-- 3/
public void assignStatementTolList( ) {

statementList.insertAtBack (currentStatement) ;

[  —mm————————— Clear Current Statement =-=--=—--——————cmc——— *i/
public void clearCurrentStatement () {

currentStatement = new Statement();
}
[* ——mmm Create Statements---—--——-—--—--- o~ */
public void createStatements() {
try

{
statementList.first();
while ( statementList.currentNode !'= null ) {

/* Create events from the event array */
for ( int i = 0; 1i<statementList.currentNode.data.eventIndex;
i++ ) |
createEvent (statementList.currentNode.data.Events[i]);
} /* end for event Array */

/* Create conditions from the conditions array */
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for @ (i ineatitrs=Eor
i<statementList.currentNode.data.conditionIndex; i++ ) {
createCondition
(statementList.currentNode.data.Conditions{i]):;
} /* end for condition Array */

/* Create actions from the action array */
for ( int 1 = 0; i<statementList.currentNode.data.actionIndex;
i++ ) {
createActions (statementList.currentNode.data.Actions[i]);
} /* end for action Array */

statementList.currentNode = statementlList.currentNode. next;
} /* end while */

catch ( Exception IOException )
{
System.out.println("16" );
System.out.println("I can't create or write to this file" );

}
} /* end of method */

/************* PART 7 General procedures ***********************/
/************* Definlng laws ***********************************/

[F mm————————— Assign first constant to the law ---------—-—-—- */

public void assignFirstConstantlLaw( int 1lfirstConstant) {
currentLaw.firstConstant = lfirstConstant;

}

A Assign Sign to the law------—=-————————mmmom */
public void assignSign( String lsign) {
currentlLaw.sign = 1lsign;

}

/¥ - e Assign second constant to the law —--—--—-----—-- */

public void assignSecondConstantlaw{ int lsecondConstant) {
currentLaw.secondConstant = lsecondConstant;

}

1}
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A4. Parser: Definition of terminal and non terminal symbols

The following statements define inside the parser the terminal and non terminal
objects

terminal OBJECT, OPBRAC, CLOSEBRAC;

terminal STRING, FORM, TYPE, LINE;

terminal RECTANGLE, ELLIPSE, POLYGON, GROUP;
terminal POINTS, OPARENT, COMMA, CLOSEPARENT;
terminal NUMBER, CONTENTS, FILE, COLOUR, COMPONENT;

terminal EVENT, START;

terminal MOUSE CLICK, KEYBOARD PRESS, TIME;

terminal POINT, IS, VIS, AS, IT, POS, ANGLE;

terminal SCALE, TRUE, FALSE;

terminal ACTIVE, IDLE, SUSPENDED, MEET, NO_MEET;

terminal ANY, SEQ, TIMES, CONDITION;

terminal GREATER, LESS, GREATER THAN, LESS THAN, EQUAL,
NOT EQUAL;

terminal OR, AND;

terminal ACTIONS, STOP, RESUME, PAUSE, HIDE, SHOW;

terminal PARENT, ADD MEMBER, REMOVE MEMBER, DESTROY,
TRANSFORMATION;

terminal TRANSLATION, ROTATION, SCALING, COLOR CHANGING;

terminal C _TRANSLATION, C ROTATION, C SCALING, C_COLOR_CHANGING;

terminal PLUS, MUL, T, NO ACTION;

non terminal objects, object, object name;

non terminal form, geometry, type, type value;

non terminal point list, points, point, coord x, coord y ;

non terminal contents, contents value, file name, contents name;
non terminal colour, r, g, b, composition; = -

non terminal empty;

non terminal IAN, scenario, statements;

non terminal statement, event, conditions, scenario actions;

non terminal event_description, simple_event, complex event;

non terminal user_ interaction_event, intra object event,
inter object_event, time event; -

non terminal user action,vis value;

non terminal as_value, it value, pos value, angle value,
scale_value, scale x, scale_y; 2

non terminal pos_x, pos_y, relation, parameters, count,
simple events; -

non terminal condition_description, simple condition,
complex condition;

non terminal state condition, time condition, equality operator,
comparison operator; I

non terminal and condition, method, law;

non terminal actions_description, simple action, simple actions,
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sequence action, action_object name;
non terminal transformation, continuous transformation,
discrete transformation;

non terminal action pos value, action_pos_x, action pos_y,

action vis value, dt;
non terminal event object name; 1
non terminal angle law, angle_constantl, angle constant2;
non terminal translation_ law, translation_ constantl,
translation constant2;

non terminal scaling law, scaling constantl, scaling constant2;

A5. Parser: Grammar part of the parser
In this appendix the last part of the parser, the grammar definition is presented.
IAN ::= Create Output_File(); :} objects

{:
{: Create Objects(); :} scenario
{: Close Output File(); :};

objects ::= object {: Assign Object To ListNode();
Clear _Scenario_Object(); :}objects
| empty;

object ::= OBJECT object name
OPBRAC form colour composition CLOSEBRAC;

object name ::= STRING:parser_object name
{: Assign_Object Name Value (parser object name.toString())

;i)

form ::= FORM OPBRAC geometry contents CLOSEBRAC;
geometry ::= type point list;
type ::= TYPE type value;
type value = LINE {: Assign_Type Value("LINE"); :}
| RECTANGLE {: Assign Type Value ("RECTANGLE"); :}

ELLIPSE {: Assign_Type_Value( "ELLIPSE") ;

|
| POLYGON {: Assign_Type Value ("POLYGON") ;
| GROUP{: Assign_Type Value( "GROUP"); :};

point list POINTS points;

points ::= point points | empty;
point ::= OPARENT coord_x COMMA coord y CLOSEPARENT;
coord x ::= NUMBER: parser coord x

{:Assign_coordinate-x

(Integer.parselnt (parser coord x.toString()));
coord_y ::= NUMBER: parser coord y

{: Assign_coordinate_y

(Integer.parselnt (parser coord y.toString()));

contents ::= CONTENTS contents value | empty;
contents_value ::= FILE file name | contents name;

2}

1}

2}

2}
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contents name ::= STRING:parser_contents
{: assignContents(parser contents.toString());
assignIsfile ("CONTENTS"); :};

file name ::= STRING:parser filename{:
assignContents (parser filename.toString());
assignIsfile ("FILE"); :};

colour ::= COLOUR r:r g:g b:b | empty;
r ::= NUMBER: parser r

{: Assign_colour_r(Integer.parseInt(parser_r.toString())); g
g ::= NUMBER: parser g

{: Assign colour_g(Integer.parselnt (parser g.toString())); :};
b ::= NUMBER: parser b

{: Assign_colour b(Integer.parselnt(parser b.toString())):; :};

composition ::= COMPONENT {: Assign Object To_ListNode ()’
Clear Scenario Object(); :}
OPBRAC objects CLOSEBRAC

| empty;
scenario ::= statements {: createStatements(); :};
statements ::= statement statements | empty ;
statement ::= event {: assignEventToEventArray():

clearCurrentEvent (); :}
conditions {: assignConditionToConditionArray/();

clearCurrentCondition(); :}
scenario _actions {: assignStatementToList();
clearCurrentStatement(); :};
event ::= EVENT event description;
event_description ::= simple_event

| complex event;

simple event ::= user interaction event
| intra_object_event
| inter_ object event
| time event;

user interaction event ::= user action
{:assignEventObjectName ("IAN"); :}
| event_object name POINT user action;

user_action ::= MOUSE CLICK {: assignEventType("MOUSE_CLICK"); :}
| KEYBOARD PRESS
i assignEventType("KEYBOARD_PRESS"); H

intra object_event ::= event object name POINT COLOUR
{: assignEventType ("COLOUR EXPRESSION"); :} IS r g b
| event object name POINT CONTENTS
{: assignEventType ("CONTENTS EXPRESSION"); :}
IS STRING
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| event object name POINT VIS
{: assignEventType ("VISIBILITY EXPRESSION"); :}
IS vis_value
| event object name POINT AS
{: assignEventType ("ACTIVITY STATUS EXPRESSION"); :}
IS as_value
| event object name POINT IT
{: assignEventType ("INTERNAL TIME EXPRESSION"); :}
IS we
| event object name POINT POS
{: assignEventType ("POSITION EXPRESSION"); :}
IS pos value
| event_object name POINT ANGLE
{: assignEventType ("ANGLE EXPRESSION"); :}
IS angle value
| event object name POINT SCALE
{: assignEventType ("SCALE _EXPRESSION"); :}
IS scale_value;

vis value ::= TRUE | FALSE ;
as_value ::= ACTIVE

| IDLE

| SUSPENDED;
it value ::= NUMBER;
pos value ::= OPARENT pos_x COMMA pos y CLOSEPARENT;
pos_x ::= NUMBER;
pos_y ::= NUMBER;
angle value ::= NUMBER;
scale value ::= OPARENT scale_x COMMA scale y CLOSEPARENT;
scale X ::= NUMBER;
scale y = NUMBER;
inter object_event ::= relation OPARENT parameters CLOSEPARENT;
relation ::= MEET {: assignEventType ("MEET EXPRESSION"); :}

| NO_MEET {: assignEventType ("NO_MEET_EXPRESSION"); :};

parameters ::= event object name COMMA event object name;
time event ::= START {:assignEventObjectName ("IAN");

assignEventType ("START"); :}
| TIME {:assignEventObjectName ("IAN");
assignEventType ("TIME"); :} IS NUMBER ;

complex event ANY {:assignEventType ("ANY"); :}

OPARENT count COMMA simple events CLOSEPARENT
| SEQ {:assignEventType ("SEQ"); :}

OPARENT simple events CLOSEPARENT

| TIMES {:assignEventType ("TIMES"); :}

OPARENT count COMMA simple event CLOSEPARENT;

simple events simple event simple events | empty;

Pagel23



count ::= NUMBER:parserCount
{: assignCount (Integer.parselnt (parserCount.toString())); :};

event object name ::= STRING:parser_event_object name
{: assignEventObjectName
(parser event object name.toString()); :};

conditions ::= CONDITION condition description | empty;
condition description ::= simple condition | complex condition;
simple_condition ::= state_condition

| inter_object_event
| time condition;

state condition ::= object_name POINT COLOUR
{: assignConditionType ("COLOUR_CONDITION"); :}
equality operator r g b
| object_name POINT CONTENTS
{: assignConditionType ("CONTENTS_ CONDITION"); :}
equality operator STRING
| object name POINT VIS
e assignConditionType("VISIBILITY_CONDITION"); :}
equality operator vis_value
| object name POINT AS
{: assignConditionType ("ACTIVITY STATUS CONDITION"); :}
equality operator as value - —
| object name POINT IT
{: assignConditionType ("INTERNAL TIME CONDITION"); :}
comparison_operator NUMBER
| ocbject name POINT POS
{: assignConditionType ("POSITION CONDITION"); :}
comparison_operator pos_value
| object name POINT ANGLE
{: assignConditionType("ANGLE_CONDITION"); ¢}
comparison_operator angle value
| object name POINT SCALE
{: assignConditionType ("SCALE CONDITION"); :}
comparison_operator scale value;

equality operator ::= EQUAL | NOT_ EQUAL;
comparison_operator ::= EQUAL
| NOT_EQUAL
| GREATER
| LESS
| GREATER THAN
| LESS_THAN;
time condition ::= TIME
{: assignConditionType ("TIME CONDITION"); :}
comparison operator NUMBER; -
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complex condition ::= and condition OR and condition
| simple condition OR simple condition
I and_conditioh
| empty:
and _condition ::= OPARENT simple_condition
AND simple condition CLOSEPARENT;

scenario_actions ::= ACTIONS actions description | NO_ACTION;
actions _description ::= simple action | sequence_action;
simple action ::= action_object name POINT method
{: assignActionToActionArray();
clearCurrentAction(); :};
action object name ::= STRING:parser action _object name
{: assignActionObjectName
(parser_action object name.toString()); :}:
method ::= START {: assignMethodName ("START"); :}

OPARENT action pos_value
COMMA action vis_value CLOSEPARENT

| STOP {: assignMethodName ("STOP"); :}
OPARENT CLOSEPARENT

| RESUME {: assignMethodName ("RESUME") ; :}
OPARENT CLOSEPARENT

| PAUSE {: assignMethodName ("PAUSE"); 0}
OPARENT CLOSEPARENT

| HIDE {: assignMethodName ("HIDE") ; B
OPARENT CLOSEPARENT

| SHOW {: assignMethodName ("SHOW"); :}
OPARENT CLOSEPARENT

| ADD_MEMBER {: assignMethodName ("ADD_ MEMBER") ; 4}
OPARENT CLOSEPARENT

| REMOVE MEMBER {:assignMethodName("REMOVE_MEMBER"); o}
OPARENT CLOSEPARENT

| DESTROY {: assignMethodName ("DESTROY"); 0}
OPARENT CLOSEPARENT

| transformation;

transformation ::= discrete transformation
| continuous_transformation;
discrete transformation ::=

-

TRANSLATION {: assignMethodName ("DISCRETE TRANSLATION"); :}
I OPARENT action_pos_value CLOSEPARENT
| ROTATION {: assignMethodName("DISCRETE_ROTATION"); :}
OPARENT angle value CLOSEPARENT
| SCALING {: assignMethodName ("DISCRETE SCALING") ; :}
OPARENT scale value CLOSEPARENT
| COLOR_CHANGING {:assignMethodName ("DISCRETE COLOR_CHANGING");:}

OPARENT r g b CLOSEPARENT;
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continuous transformation ::=

C_TRANSLATION {: assignMethodName ("CONTINUOUS_TRANSLATION"); :}
OPARENT translation law COMMA translation law CLOSEPARENT

| C_ROTATION ({: assignMethodName("CONTINUOUS_ROTATION"); .}
OPARENT angle law CLOSEPARENT

| C_SCALING {: assignMethodName ("CONTINUOUS_SCALING"); :}
OPARENT scaling law COMMA Scaling_law CLOSEPARENT

| C_COLOR_ CHANGING
{:assignMethodName ("CONTINOUS COLOR_ CHANGING");:}
OPARENT law COMMA law COMMA law CLOSEPARENT;

translation_law ::= translation_constantl TIME PLUS
{: assignSign("+"); :} translation constant2;

translation constantl ::= NUMBER: parser translation_constantl
{: assignFirstConstantLaw
(Integer.parselnt
(parser translation constantl.toString())); :};

translation constant2 ::= NUMBER: parser translation constant2
{: assignSecondConstantLaw
(Integer.parselnt
(parser_ translation constant2.toString()));
assignActionTranslationLaw(); :};

angle law ::= angle constantl TIME PLUS
{: assignSign("+"); :} angle constant2;
angle constantl ::= NUMBER: parser angle constantl

{: assignFirstConstantLaw
(Integer.parselnt
(parser angle constantl.toString())); :}:
angle constant2 ::= NUMBER: parser_ angle_constant2
{: assignSecondConstantLaw
(Integer.parselnt (parser_angle_constant2.toString()));
assignActionAnglelaw (); :};

scaling law ::= scaling constantl TIME PLUS
{: assignSign("+"); :} scaling constant2;
scaling_constantl ::= NUMBER: parser_ scaling constantl
{: assignFirstConstantLaw
(Integer.parselnt (parser scaling_constantl.toString())); :};
scaling_constant2 ::= NUMBER: parser scaling constant2
{: assignSecondConstantLaw
(Integer.parselnt (parser scaling_constant2.toString())):

assignActionScalingLaw(); :};
action_pos_value ::= OPARENT action pos_x
COMMA action_pos_y CLOSEPARENT;

action_pos_x ::= NUMBER: parser action_ pos x
{: assignActionPosX

Pagel26



(Integer.parselnt (parser action_pos x.toString())); :};
action pos_y ::= NUMBER: parser_action_pos_y

{: assignActionPosY

(Integer.parselnt (parser action pos y.toString())); :};

action_vis_value ::= TRUE {: assignActionVisibility("TRUE"); :}
| FALSE {: assignActionVisibility("FALSE"); :};
sequence_action ::= SEQ OPARENT simple actions CLOSEPARENT;

simple actions ::= simple action dt simple actions | empty;
dt ::= NUMBER;
empty ::= ;
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Appendix B: ODL and OQL reference. Types in ODL

ODL offers the database designer a type system similar to that found in C or other
conventional programming languages. A type system is built from a basis of types that
are defined by themselves and certain recursive rules whereby complex types are built
from simpler types. In ODL, the basis consists of:

1. Atomic types: integer, float, character, character sting, Boolean, and enumerations.
The latter are list of names declared to be synonyms for integers. An example of
enumeration can be: enum Colours { green, bleu, beige } eyesColor.

2. Interface types: which represent types that are actually structures, with components
for each attributes and relationships of that interface. These names represent complex
types defined using the rules below but we can think of them as basic types.

The basic types are combined into structured types using the following type constructors:

1. Ser: If T is any type, then Set<T> denotes the type whose values are all finite sets of
elements of type T.

2. Bag: If T is any type, then Bag<T> denotes the type whose values are bags or
multisets of type T. A bag allows an element to appear more than once. For example
{1,2,1 } is a bag but not a set because 1 appears more than once.

3. List: If T is any type then List<T> denotes the type whose values are finite lists of
zero or more elements of type T. As a special case, the type string is a shorthand for
the type List<char>.

4. Array: If T is a type, and i is an integer, then array<T,i> denotes the type whose
elements are arrays of i elements of type T. For example Array<char, 10> denotes
character strings of length 10.

5. Structures: if T1, T2, T3,....,Tn are types, and F1, F2,...Fn are names of fields, then

Struct N { T1 F1, T2 F2,..,Fn Tn }
denotes the type named N whose elements are structures with n fields. The itk field is
named Fi and has type Ti.

The first four types set, bag, list and array are called collection types. There are different
rules about which types may be associated with attributes and which with relationships.

e The type of an attribute is built starting with either an atomic type or a structure
whose fields are atomic types. Then we may optionally apply a collection type to the
initial atomic type or structure. y

e The type of a relationship is either an interface type or a collection type applied to an
interface type.

It is important to remember that interface types may not appear in the type of an attribute
and atomic types do not appear in the type of the relationship. It is this distinction that
separates attributes and relationships We must finally notice that there is a difference in
the way complex types are built for attributes and relationships so each allows an
optional collection type as the final operator, but only attributes allow a structure type.
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The following example is very helpful in order to understand the possible types of
attributes and relationships.

Some of the possible types of attributes are:

1. integer

2. Struct N { string fieldl, integer field2 }

3. List<real>

4. Array<Struct N { string fieldl, integer field2 }.

Example 1 is an atomic type, 2 is a structure of atomic types 3 is a collection of an atomic
type and 4 a collection of structures built from atomic types. These are the only four
possibilities for attribute types.

Now suppose the interface names I1 and 12 are available basic types. Then we may
construct relationship types such as I1 or Bag<I2>. However the following are illegal

types:

1. Struct N {I1 fieldl, 12 field2}. Relationships types cannot involve structures.

2. Set<integer>. Relationships types cannot involve atomic types.

3. Set <Array<I1> Relationships types cannot involve two applications of collection
types (neither can attribute types).
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