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IHEPIAHYH

H duthopotikny epyocio €xel g OVTIKEIUEVO TNV UEAETN TOV TPOYPOUUUATICTIKMOV
TEYVIKAOV TOV YPNOLULOTO0VVTAL GE Toyvidla vroroyiotov. H epyacio mepthapfiver
™V Katoypoer] and v PipAoypaeio. CUYKEKPILEVOVY TEXVIK®V, TNV OVOALCT TOV
TAEOVEKTNUATOV KOl TOV AOLVAUIDV TOVG KOU TNV VLAOmoinomn &vog Aoyiouikov
TOLYVIOLDOV TTOL VAOTOLEL OPIopEVEG amd TG TeXVIKES avtés. Tleprypdpovtal 6Aa Ta
Brpota mov akoAovdNONKay Yo TNV VAOTOINGT ALTOV TOV AOYIGUIKOVL KOl 1 €pYOCia
pumopel vo. ypnowomomBel cav eyyepidoo/fondnua yio 6lovg TOLG EMIdOEOVG
TPOYPOUUOTIOTEG Tayvidwwy. [Ma v vAomoinon tov AoyoHkoD oy viotoh

YPNOUOTOONKE 1 YADGGO TPOYPAUUATIGHOV Java.
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KE®AAAIO 1

Ewsayoyn

1.1 Ilporoyog

Yy epyacia avtr] e£€TALOVUE TIG TPOYPUUUATIOTIKEG TEYVIKEG TOV PN CLULOTOI0VVTOL
0TO AOYIOUIKO TTat VIOV avolytoh Kadwka. To AoYiouikd moyvidudy amoterel Eva
TOAD OMUOVTIKO HEPOG TOV EVPVTEPOV AOYIGUIKOD OV TOPAYETOL OTIG UEPES LOG KoL
napovctalel eapetikd peydro tlipo, Yeyovog Tov KAVEL TNV UEAETT TOV WO1UTEPW®S
evolpépovsa. Tavtdypova LE TIG TEXVIKES TOV XPNGLLOTOIOVUE Yo TNV OMpiovpyio
TOLYVIOLDV, OVOPEPOVIE KOl TIC TNYEG OO TIC OTOIEC TPOEPYOVTAL, KADMG emiong Kot
TOL TAEOVEKTNLOTO KOl LELOVEKTLATO TOVG.

o tovg okomobg TG epyaciag VAOTOMGOUE €Vo  AOYISHIKO  TOLYVIOUDV
YPNOUOTOIOVTOS TNV YA®Goa mpoypoappoatiocpod Java. To  epyodeio  mov
YPNOLOTOUWCAUE VIO TNV ovATTLEN Tov Aoyiopkol egivon to Intellij IDEA [1], to
omoio Eeywpiler yio 10 Ypapikd tov mepBdAlov kar v gvypnotia tov. [ v
dnpovpyiot TOL TALYVIOOD XPNGILOTOMGAUE KOt GAAN AOYICUIKA TakéTo, 0TS TO
Adobe Photoshop, 10 Audacity x.a. H oavoykodmto ypnong ovtdv Tov
TPOYPOUUATOV, KAODG Kol 0 TPOTOC YPNONG TOVG TEPLYPAPOVIAL GTO OVAAOYO
KEPAAOLO (TEYVIKEG YO TNV OMOKTNON TOV ATOPAiTNTOV TOP®V Y. TV dnpovpyio
TOV TTOLLYVIOL0V).

To moyvidl mov avantoEape avikel oTnV KaTnyopio TV Toyvidldv TAateoppoc. Ta
moyviole TAateopuag eival 0dtdoToTe Kot ovopdalovior €16l YTl 0 KEVIPIKOG
YOPUKTPOG TOV TOLYVIO0D KIVEITOL TAVE® GE TAATQOPUES. TNV EpYacia yiveTal AOyog
OYETIKA L€ TO TOLEG TEYVIKEG OKOAOVONGALE TEAKA GTNV dNHIoVPYiol TOL TOLYVIOOV,
o€ Toleg KAGUOELG OVIKOVV Ol TEYVIKEG OVTEG Kol Towog €ivar o okomdg tovg. To
Aoyopko amotereitanr amd 12 cuvolkd KAAGELS, OPKETEG EKOVEG Kol apyeio Myov.
Ola avtd (pall pe tic Tyég Ko o EpYaAEin amOKTNONG TOVS) TEPIAAUPAVOVTOL GTO

ovvodevtikd CD g epyaciag.
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210 cvvodevuTikd CD mepthappavovion kot ta JavaDoc tov kAdoewv (Yo tekunpioon
Kol Ponnua otov poro tov pehBodmv), kabmg emiong kot Ta apyeia keWwévov (oe
popon Pdf xvpimg) kot ot 16106eAdec TOV AMOTEAEGOV TIC CNUAVTIKOTEPES TNYEG

omv Phoypapio.

1.2 Aopn} g gpyaciag

H epyaocia amoteieiton and 7 cvvolikd kepdiowo (pall pe to TpEYov KEQAANLO) Kot
mv Biproypagio. to 0e0TEPO KEPAANLO TEPTYPAPOVLE TIG TEYVIKES TTOL ALPOPOVYV TNV
YPNOLoTOiNoT TG TANPOLS 0006V Kat TG TeyVikég Yo buffering. H yprion mAnpovg
006vng eivot TOAD ONUOVTIKN Y10 APKETEG EQAPLOYES TOYVIOLDV, OTTOTE EvaLl KATL GTO
omoio mpEmeL va. SMOCOVUE O1UTEPT TPOTOYT]. AVOADOVTOL Ol TEXVIKEG TOL QLPOPOLV
TNV OTOKAEIGTIKY AELTOVPYio TANPOVG 00OVNG, Ol TEYVIKEG TTOL ALPOPOVV TOV OPIGUO
TOV TPOTOL ATEKOVIONG, TO TN TIKO Kot gvepynTikd rendering K.o.

210 TPito KEPAAOIO OVOAVOVHE TIG TEYVIKEC TOL YPNOUOTOLOVVTOL Yo TNV
SdPOCTIKOTNTO KOl TNV ETKOWOVIOL JE TOV YpNoTn, OnAadn tnv &lcodo twv
dedopEvaV amd TNV UePLA Tov ¥PNoTH. Me Vv €16000 TV ded0UEVOV EVVOOVLE TNV
duvatdTT TG EPUPUOYNAG VO OVTOTOKPIVETOL OTIS EMAOYEG TOL YXPNOTN, Yo
Topadelypo vo. ovoyvopilel To TATNUO CLUYKEKPLUEVOV TANKTPOV KOl VO avTdpd
avaroya.

270 TE€TOPTO KEPAAOLO OVOADOLLE TIG TEYVIKEG TTOL VTAPYOLV Yo TV OlaXEIpLomn Tov
Nyov ommv YA®Gcco mpoypoppaticpod Java. Ileprypdeovpe g dopopés Tov
ynoelokov nyov pe tov MIDI fyo, to facikd cvuotatikd yio v Stayeipion Tov Nyov
pe v Java (toug pPiKTeC, TIC YPOUUES KO TO OLLUOPPOUEVE SEGOUEVA MXOV) KO TG
TPOYPOUUOTIOTIKEG TEYVIKES TOL OKOAOVONGALE TNV EPOPLOYN HOC.

210 MEUMTO KEPAAMIO TEPLYPAPOVUE TIG TEXVIKEG OV LIAPYOLV Yo TN ONpovPyic
€VOC OO1I0TATOV TTOY VIS0 TAATQOPUOG. XTI TEXVIKEG OVTEC TEPIAAUPAVETOL M
dnuovpyia, N EOPTOCT KL 1 OTEWKOVICT] TOV XEPTY TOV TALYVIOOV KOl 1) TEXVIKN Yo
TAPAAANAN petakivnon tov edvtov (parallax scrolling). Emiong, avoivovue teyvikég
YL TOV EVIOTIOUO Kol TOV YEWPOUO TV cvykpovoewv (collision detection) mwov

ocuppaivovv 6to mayviol. TéAOG, 0TO KEPAAMIO QVTO TTEPTYPAPOVUE TIG TEXVIKES Yl

Hovemotnuio Maxeoovias — IIMXE Tunuatos Epopuoouévng IAnpopopixng 2
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v omoKTNon TV oamopoitntov mopwv (resources) Yoo TNV OMpovpyic. TOL
TOLYVIO00. ZVYKEKPIUEVA TEPIYPAPOVUE TIC TEXVIKEG TOL OKOAOLOMCAUE Yo TNV
AmOKTNOY] TOV YPOPIKAOV OCLOTATIKOV (EKOVEG) KOU Yo TNV KOTAypoen Kot
onpovpyia Twv apyxeiov Nxov. Tavtdypova HE TIG TOPATAVE® TEYVIKES, OVOPEPOVLE
KOl TO TTO10L EPYOAELQ YPTCIULOTOMGOLE KO LLE TOLOV TPOTO.

210 éKTO KEQAAOLIO TEPLYPAPOVUE TO CLUTEPAGUATO HOG omd TNV gpyocio.
2VuyKeKPUEVE AToPlOLOVLE TIC TEXVIKEG TOV LEAETNONKAY, AVOQEPOVUE TIG OVCKOAES
TOV GUVOVTHOOUE GTNV VAOTOINCT] Kol TEPLYPAPOVUE TPOTACEIS Y0 UEALOVTIKN
avamToln.

210 £Poopo KePAAOO TOMOOETNCAUE TOV KOOIKA T®V KAAGE®Y TOV AOYIGHIKOD OV
avantoéope Ko amoondopato and to JavaDoc mov dnpovpynoope amd to Intellij
IDEA. To JavaDoc ypnoipevel cov ouvodeutikny tekunpioon kot Ponbdst cav
YPNYOPN QVOPOPA Yot TV YPTYOPT TEPMYNON OTIS KAAGELS, pag delyvel TV tepapyio
TOVG KOl TEPLYPAPEL TNV AgtTovpyia TV HeBOd®V TOLG,.

¥10 1éhog g epyaciog Pploketon M Piprloypapio mov cvpPovAevTikaue yuoo TV
CLYYPOAPT TNG EPYACING. XTI TNYEG TOL TTPOEPYOoVTAL 0md TO O10diKTLO, ToToBETOVE

Kot Tov avédoyo cvvdespo (link) yio ypiyopr gvpeot| Tovg.

Hovemotiuio Maxedovias — IIMXE Tunuoros Epopuoouévng Iinpopopikng 3
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KE®AAAIO 2

Kabe mpoypappatiot|g mpénert vo amopocicel av to moyvior Oo  «TpEyew
YPNOUOTOIDVTOS AP 000vn N kdmowo mapdbupo. O Kabe TpoOTOC TOpralel Yo
dpopeTkovg TOmOVS moyyvidwwy. o mapddetypa, ov €va moryvior eivor moAD
ATOITNTIKO G€ TOPOLG TOL GLOTNUOTOS, TOTE €ivol KaAOTEPO Vo KatodapPdvet
oAOKANPN TV 006vn. Amd v GAAN pepld, maryvidww to omoio dev givar TOCO
OTOATNTIKA KO Ol YPNOTEC UTOPOVV VO KAVOLV Kot GAAEG OOVAEEG TaLTOYPOVO,
UTOpoLV Vo, EKTEAOVVTOL pEGO og €va mapdbupo (my moryvidw koptov). Emiong,
TOAAG oy Vid pOTOVV TOV XPNoTn av emBupel va ta ektedéosl og éva Tapdbupo 1

o€ Aertovpyio TANpovg 006vng.

Xpnon Ttipovg 000vic kot teyvikég buffering

YOpeova pe v 10t0ceAida [2], n amokielotikn Agttovpyion mAnpovg 086vng (full-
screen exclusive mode) givar pia Aettovpyia mov pmopel vo EQOPUOCTEL LE TNV YPNON
™G YADGGOG TPOYPOUUATIGHOV Java, cuykekpluéva omd tnv ékdoon 1.4 ko petd. Me
™V AgTovpyio. oUTH O TPOYPUUUOATIOTNS £XEL TNV SLVATOTNTO VO KOTOPYNOEL
TPOGMPIVE TOV OVTOUOTO TPOTO LE TOV OMOI0 TPOYUOTOMOLEITOL 1) AMEKOVIOT] TMV
OMTIKOV otolyelwv enl g 000vnc. Mmopei onladr va avaoteidet ta cvopPdvo
OTEIKOVIONC TNG EIKOVIKNG unyxaving ™ Java (ta omoio ovoudlovtal paint events) ko
VO T OVTIKATOOCTNOEL HE OKA Tov. Mg avtdv tov tpdmo Bo pmopel va €xel mAnpn
éleyyo mhveo oto mola oTolyeln amewoviovior kol 6to moOTE amekovilovtal To
otoyeio avTd.
Ta wpoypdppato Tov ¥PNCIUOTOIOVV TNV OTOKAEICTIKY AElTOLPYiol TANPOVG 006V G
EYOUV UEPIKEG ONUOVTIKEG daPopég pe T GAAa mpoypdppata. Ot SopopEs oVTES
etvar o1 e&ne:
e O 1pomoc amewdOvViong yivetar péca amd 10 TPOYpOpa, YOPIS va
emnpedletar omd v JVM (Java Virtual Machine), xétt 10 omoio

avapEpOnke mponyovpévec.
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e To mpoypdupoto TOV eV YPNOUOTOOVY TNV OTOKAEIGTIKY Agttovpyio
TANpovg 006vNc dev pmopovv va puBpicovy to BaBog ypopatog (bit depth)
Kol TV aviAvon g 006vng tov ypnoTn, o€ avtifeon UE To TPOYPAULOTOL
OV YPNOUOTOIOVV OTTOKAEIGTIKY AELTOVPYiat TAPOLG 000VNG Kol UTopovV
va oAAGEOVY TV KaTdoTaon TG 006vng (display mode).

o [loAAég mpoywpnuéves teyvikés, Onmg To page flipping (toyvtaTn aAloyn
oeAidoc) kot to stereo buffering (n dvvoatdtmra mov €yovv KAmolw
GULGTHLLOTA VO XPNOLOTO0VV €va EexwploTd GVVoAo amd frames yuo To
K60 pATL) omaTovV TNV EKTEALECT] EQPUPLOYDV GE ATOKAEIGTIKN AgtTovpyia

A povg 006vng.

2.1 Tpomog ywa TqVv yp1ion mifqpovg 000vng

H amoxdeiotikny Aettovpyio TApovg 006vng Umopet va EQOPUOCTEL YPTCLLOTOLDOVTOG
€VOL OVTIKEIEVO CLOKELNG YPOPIK®V - GraphicsDevice, to omoio Ppioketor péca
0T0 TOKETO jJjava.awt. MmopoOUe Vo EVTOMICOLUE TOLEG GLOKEVEC YPOUPIKAOV
vrootnpilel 10 ovoTUd pog, KaAdvtag tv uéBodo getScreenDevices() amd 10
Tpéyov TEPParrov Ypapikdv (GraphicsEnvironment). Mmopovue va avoKTGOVLE
TNV TPEYOVGO GLOKELY YPAPIKAOV (ONAAST] TNV CLCKELY WE TNV TPEYOVCO OVOAVOT)
006vng ko Babog ypodpatog) kadmvtag v HEBodo getDefaultScreenDevice() T0v
TEPPAALOVTOG YPUPIKDYV.

210 mayvidl Tov dMNUOVPYNCOUE MG project Yoo auTHV TV gpyacio, 0 KOOKOS TOv
viomotlel to mopamdve Ppioketor oty KAdon ScreenManager. H kAdon avty
avolapPavel OAeC TIG AELTOVPYIEG TOV APOPOVV TNV OMOKAEICTIKY YPNON TANPOVS
006VNG Kol TIG TEYVIKEG OMEIKOVIONG. XLVYKEKPIUEVO, 1| DAOTOINGT TOV TOPATOVE®

yiveton péca 610 aKOAov00 KOPUATL KOJIKA:

/**
* This method returns the compatible
* Graphics Devices of the current system.
*/
public GraphicsDevice[] getScreenDevices(){
GraphicsEnvironment environment =

Hovemotiuio Maxedovias — IIMXE Tunuoros Epopuoouévng Iinpopopikng 5



Toobroiog EvBiuiog, «Game Development oe Javay

GraphicsEnvironment.getLocalGraphicsEnvironment();
return environment.getScreenDevices();

/**
* This method returns the current
* system™s Graphics Device
*/
public GraphicsDevice getDefaultScreenDevice(){
GraphicsEnvironment environment =
GraphicsEnvironment.getlLocalGraphicsEnvironment();
return environment.getDefaultScreenDevice();

ATO TNV OTLYUN TTOL EYOVUE TNV GLGKELN YPOPIK®V, UTOPOVUE Vo eEAEyEovpe av glval
EPIKTN M XPNOM OMOKAEISTIKNG Agttovpylag mANpovg 08ovne. O éheyyog yiveton
Kalovtog v pébodo isFullScreenSupported(), n omoio €MGTPEQPEL true GTNV
mepinTwon mov pmopovpe ko False oty avtifetn nepintoon. Av emotpéyel False,
101E M €POpOYN TPEMeL va TpEEEL evTog vog mapaBvpov 1o omoio dev Ba KoAVTTEL
OAOKANPY| TNV 000V).

Av egmotpéyel true, tOTE KOA®VTAG TNV cvvdptnon setFullScreenWindow(), N
omoio. maipvel wg Opopa éva mapabdvpo, UTOPOVUE VO XPNCULOTOMGOVUE TNV
OTOKAEIOTIKY Agltovpyion TANpovg 006vng, avabétoviag wg dpiopa to Tapddvpo g
epappoyns. o va eykataieiyovpe TV omoKAEIGTIKY Agrtovpyia TAPOLS 000vNG

EavakaroOpe TV 1010 pébodo pe opiopa null.

2.2 Teyvikég Y10, ATOKAELGTIKT AELTOVPYIO TTAPOVS 000VNC

e O é&heyyos yw v vmoompn mAnpovg oB6vng péom g peboddov
isFul 1ScreenSupported() mpémnet va yivetal mdvto TpoTtov yivel tpoomddeia
OMOKAEIOTIKNG  Agttovpyiag mANpovg oB6vne. e avtiBetn mepintwon
vroPaduileTon ) amdd00N.

o Ta peyoddtepn ac@dAeln GTOV KOJIKA, 1| 0AAOYT o€ TANPN 006vN KOAO glvarl
va wepaiieton and Evav Ppdyyo try..Finally. Xto copa tov Finally{}

OTEVEPYOTOLOVUE TNV ATOKAEIGTIKY AEITOLPYia TANPOVG 000VNG e ToV TpOTO
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oL TEPLYPAPOnKe mapomdve. ['a Tapdderypo 0 KOOIKAG Tov TPOTEIVEL 1| Sun
elvat o €€Ng :

GraphicsDevice myDevice;
Window myWindow;

try {
myDevice.setFullScreenWindow(myWindow) ;

} finally {
myDevice.setFullScreenWindow(null);
}

o Ot meplocOTEPEG EPOUPUOYEC TOL YPTCLOTOLOVY OTOKAEICTIKY] AELTOVPYia
TAPpovg 000vVNG givol KAADTEPO Vo ¥PNOLOTOOVY Tapdbupa tor omoio dev
&yovv daxkoounon (undecorated windows). Me v dtakdounomn evvoodpue v
umapo tithov, to kovumd tov mopabbpov kTA. H amevepyomoinom twv
dlkoouNTIk®V — otolyelwv  yivetow pe v KAQon ¢ pebBdoov
setUndecorated() tov Tapadvpov.

e Emiong, ot epapuoyég mAfpovg 000vng mpémel vo. AEITOVPYOVV GUVEXDS CE
mApn o06vn kot va amotpémovy TV aAhayr tov peyéBovg tovc. Avtd
emtuyydveral pe v KAnon g pebddov setResizable() Tov mapabvpov.

o Ot gpoppoyéc mAnpovg oBo6vng oayvoodv Ta cvuPdvia ameKOvVIoNg NG
EWOVIKNG pnyovng g Java (JVM). Avtd emtvuyydvetar pe v KANom g

nebddov setlgnoreRepaint() tov mapabHpov.

O «k®dwag mwov viomoel To mopomdve  meplapPdvetor  otnv  peéBodo
setFullScreen(), n omoio €KkTO¢ amd 10 MopdBvpo TANpPovg 006vNG opiletl kot Tov

TpOTOo amekoviong Kot To double buffering, otoyeio mov Ba dovpe TOPAKATO.

/**

Enters full screen mode and changes the display mode.

IT the specified display mode is null or not compatible
with this device, or 1T the display mode cannot be
changed on this system, the current display mode is used.
The display uses a BufferStrategy with 2 buffers.

ok o %

*/

public void setFullScreen(DisplayMode displayMode) {
final JFrame frame = new JFrame();
oldDisplayMode = device.getDisplayMode();

frame.setDefaultCloseOperation(JFrame . EXIT_ON_CLOSE);
frame.setUndecorated(true);
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frame.setlgnoreRepaint(true);
frame.setResizable(false);

if (device.isFullScreenSupported()){
//entering full-screen exclusive mode
device.setFullScreenWindow(frame);

}
if (displayMode !'= null && device.isDisplayChangeSupported())
{
try {
device.setDisplayMode(displayMode) ;
}
catch (1l1legalArgumentException ex) {
device.setDisplayMode(oldDisplayMode);
}
frame.createBufferStrategy(2);
}

[Mopatnpodpe 611 0 EAeyyog Yo TNV LIOSTHPIEN TAPOVS 006VN G pHéc® TG HeBdooL
isFullScreenSupported() yivetolr OVI®G 7PV TNV TPOCTAOEW. OPIGUOL TOL
mopadvopov mANpovg 006vng (Léow g pebddov setFul IScreenWindow()). Emiong,
EKTOG oo la nebooovg setUndecorated(), setResizable(),
setlgnoreRepaint(), &ovue PdAret kot tnv pnéBodo setDefaultCloseOperation()
ue 6popo to JFrame .EXIT_ON_CLOSE. Mg 10 Opiopa avtd dtav KAEIoEL 1 €poproyn
Ba kKAnOei n péBodog System.exit().
Téhog, tomoBetrcape v pnébodo setFul IScreenWindow() (pe 6ptopa null yio v
¢€odo amd v Aeurtovpyion mANpovg 000vng) oe Eeywproty péBodo pe Ovopa
restoreScreen(). O KOAKOGC QAIVETOL TAPUKATO:

[

: Restores the screen®s display mode.

puglic void restoreScreen() {

Window window = device.getFullScreenWindow();

if (window '= null) {
window.dispose();
by

device.setDisplayMode(oldDisplayMode) ;
device.setFullScreenWindow(null);

}

Ytov KOdwa tomofetoape kot Evav Edeyyo if yuo TV aneAevbipmon TV TOP®V

UvnuNG mov katavoimvel To mapdbvpo. H anelevBépmon tov ndépwv yivetoan péow
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g pebooov dispose(). Eniong, tov Bpoyyo try. . Finally mov mpoteivel | dgvtepn

TEYVIKT, Tomobetnoape oty HEBodo run() g main KAAGNG:

/**

* The run() method does all the necessary actions for
initializing the game. It tries one by one the possible
display modes and applies the first one which matches.
It creates the player sprite, the input manager, the
tiles resources & the tile map renderer. It also calls
methods for loading the sounds, hiding the cursor and
finally starts the animation loop.

ok o+ % % %

*/
public void run() {
screen = new ScreenManager();

try {
DisplayMode displayMode =
screen.findFirstCompatibleMode(POSSIBLE_MODES) ;
screen.setFullScreen(displayMode);

Player sprite = new Player();
new InputManager(screen.getFullScreenWindow(), sprite,

screen);
TilesResources tilesResources = new TilesResources(sprite);

renderer = new TileMapRenderer();

renderer .setBackground(loadImage("'resources/background/canada
-Jpg’));
map = tilesResources. loadMap(*'resources/map/mapl.txt™);
loadSounds() ;
hideCursor();
animationLoop();

catch (Exception e) {
e.printStackTrace();

} finally {
screen.restoreScreen();

}

YUVOTTIKG, WUTOPOLUE Vo TOOUE OTL okoAOLONONKOV Oleg Ol TEYVIKEG Yo
anmokAEIGTIKY Aertovpyio. TAfpovg 00dvnc, ektdg omd pio dwagoponoinon g 2™

TEYVIKNG 0€ Y0P1oTh HEN0SO0, OTmG avapEpOnke TPoNyoLUEVMC.

2.3 Opropog TpOTOV GTEIKOVIONG

Amo v otiryun| mov pia epaproyn eival o€ amokAEIGTIKN Agttovpyio TAPOLS 000V,

pmopel va aAAdEEL TOV TpOTO amewoviong (dniadn to Display Mode). O tpodmog
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anewoviong amotereitatl and tpia otoryeio: To péyeboc e 006vng oe ewovokvTTOPO
(pixels og mAdtog Ko VYOG), T0 PdBoc ypdpatog oe bit (apBudS TV bits avd pixel)
Kat Tov puoud avavéwong 086vng (n cuyvotnta e TV omoia vnpepdveTal 11 006vn).
Opilopéva, AEITOVPYIKA GUOTNUOTO EMTPETOVY TNV YPTCLLOTOINGCT SLOPOPETIKMV
Babov ypoudtov ce bit tavtdypova, omodte 10 PABog ypdUATOS TaipvEL TNV TUN
BIT_DEPTH_MULTI. Emiong, ToAAG Aettovpyikd GUGTHHOTO OEV ACKOVV KAVEVO EAEYYO
otov puOuo avavémong e 006vng, omdte 0 PLOUOC avavémong 08dvng Taipvel TV
Tiur) REFRESH_RATE_UNKNOWN. Tnv 10100 Tiun Wtopovpe va, eKympcovpe Kot Otav dgv
pag evolapépel n pudon tov pvlpov avavémong 006vng [3].

2.3.1 Tpomog ywo. Tnv pvOpIon Tov TPOTOV ATEIKOVIONG

Mo va ovoktioovpe TOvV TPEYOVIO TPOMO OMEKOVIONG, KOAOOUE TNV HEDOJO
getDisplayMode() TG OLOKELNG YpaPIK®Y. Mmopovpe vo mAnpogopnBodpe yi
OAOVG TOVG TPOTOVG ameEKOVIONG ToL vrootnpilovial, kKoldvtag v péBodo
getDisplayModes(). T 11 kAnoelg ovtdv Tov pedddwv Oev amotteital vo
exteleiton To TPOHYPOUUO OE AEITOVPYio TANPOLS 006VNG.
O k®dag TG EPUPUOYNS HOS TOL VAOTTOLEL T Tapamdve etvat o e&ng:

[

* Returns a list of compatible display modes for the

i/default device on the system.

public DisplayMode[] getCompatibleDisplayModes() {
return device.getDisplayModes();
}

/**
* Returns the current display mode.
*/
public DisplayMode getCurrentDisplayMode() {
return device.getDisplayMode();
}

[Tpotob emiyepricovpe vor OAAAEOVE TOV TPOTO OEIKOVIONG, TPEMEL VO KOAEGOVUE
v uébodo isDisplayChangeSupported(). Xmv mepintwon mov 1 péBodog

EMOTPEYEL true, UTOPOVUE VO TPOYMPNGOVUE GTNV OAAAYY). ZTNV TEPITTM®OT TOL
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emotpéyel False, aVTO oMUOIVEL OTL TO AEITOVPYIKO GUGTNUO OEV WOG EMTPEMEL VAL
OAAGEOVLE TOV TPOTIO OMEIKOVIOTC.

H aAlayn tov tpdémov ameikdviong pmopet va epapuootel povo av Bplokdpoacte e
Aertovpyion mApovg o006vnc. T v odhayn ypnowomowodue v péEBodo
setDisplayMode(), n omoio moipvel ®G OpIGHO TOV TPOTO OMEWKOVIONG TOV
emBopovpe. Xe mepintmon TOov oVTOG 0 TPOTOG amelkdvions dev gival cvpPatdg 1 To
ocvotnuo dgv emTpénel aAloyéG oTOV TPOMO amekdvions, Bo moapovolactel pia
eaipeon ypovov extéheonc (runtime exception). Emiong, mn 0w eEaipeon Oa
EUPOVIOTEL OV TPOGTAOGOVUE VO AALAEOVE TPOTO OTEIKOVIONG XWPIC Vo, EKTEAEITOL
1 €QAPLOYY HOG G AetTovpyia TANpovG 006VNC.

O k®OKOS TG EQUPUOYNS HOG TOL VAOTOLEL T Tapamdve PBpioketar oty pEBodo

setFullScreen():

/**
* Enters full screen mode and changes the display mode.
* 1f the specified display mode is null or not compatible
* with this device, or if the display mode cannot be
* changed on this system, the current display mode Is used.
* The display uses a BufferStrategy with 2 buffers.
*/
public void setFullScreen(DisplayMode displayMode) {
final JFrame frame = new JFrame();
oldDisplayMode = device.getDisplayMode();

frame.setDefaultCloseOperation(JFrame . EXIT_ON_CLOSE);
frame.setUndecorated(true);
frame.setlgnoreRepaint(true);
frame.setResizable(false);

if (device.isFullScreenSupported()){
//entering full-screen exclusive mode
device.setFullScreenWindow(frame);

}
if (displayMode !'= null && device.isDisplayChangeSupported())
{
try {
device.setDisplayMode(displayMode) ;
}
catch (1l1legalArgumentException ex) {
device.setDisplayMode(oldDisplayMode);
}
frame.createBufferStrategy(2);
}
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O Baocwotepog AOYOS Yoo TNV AAAAYT] TOV TPOTOL AMEKOVIONG elval N amddoon. Mia
EQOPUOYN UmOpel var ekTEAEITOL TOYVTEPA, OV O1 EIKOVEG TTOV YepileTal Exovv To 1010
BaBog bit pe v 006vn. Eniong, av o mpoypappotiotig yvopilel £k TV TPOTEP®V TOV
TPOTO OMEIKOVIONG, M OTEIKOVICT] TOV YPOUPIKOV YiveTarl amilobotepn, Kabnhg dev Oa

ypewaletar va KApaxkmvet (scaling) tnv kabe eicova avarloya pe v oAloyn.

2.3.2 Teyvikég Yo TNV pOOULGY TOL TPOTOV OTEIKOVIGTNG

o Jlpémer va elpaote oiyovpolr 0Tt pmopovpe vo aArdovue tov TPOTO
OTEIKOVIONC, TPOTOV EMLYEIPNCOVUE KATL TETO0. AVTO EMITVYYAVETOL UE TNV
KMon g peboddov isDisplayChangeSupported(). Onog oavoapépOnke
TPONYOVUEVMC, GTNV TEPITTMOT TOL N HEBOOOG EMGTPEYEL true, LWITOPOVLE VO
TPOYWPNGOVUE GTNV OAAayn. XtV mepintmon mov emotpéyel False, avtd
onuaivel 0Tl T0 AETOLPYIKO GVOTNUO OEV MO EMITPEMEL Vo AAAAEOVIE TOV
TPOTO OTEIKOVIGNG.

e [IpotoVy mpoomabncovpe va 0ALAEOLUE TOV TPOTO OMEKOVIONG TPEMEL VAL
BePormbBobpe 611 1 epappoyn Ppioketar oe Aettovpyio TANPOLG 00OVIC.

o T peyoddtepn ac@AAE GTOV KMOOWKO, N OAAOYT TOL TPOTOL ONEIKOVIONG
KaAo etvon va mepiaireTon amd Evav Ppdyyo try. . Finally. [ mapddetypa

0 K®dKaG Tov Tpoteivel | Sun givat o €Ng:

GraphicsDevice myDevice;
Window myWindow;
DisplayMode newDisplayMode;

DisplayMode oldDisplayMode = myDevice.getDisplayMode();

try {
myDevice.setFullScreenWindow(myWindow) ;

myDevice.setDisplayMode(newDisplayMode) ;

} finally {
myDevice.setDisplayMode(oldDisplayMode);
myDevice.setFullScreenWindow(null);

e [Ipotov emiéEovpe Evav TPOTO AMEWKOVIOTG Y10 TV EQOPLOYN LG, KOAD elvar
vo Kpatdpe o€ pio Mota Toug TPOTOLG OMEIKOVIONS TOV EMBVUOVUE Kot Vo

OLYKPIVOLUE LTV TNV AloTo pE TOVG SLaBECIOVS TPOTOVS amekovions. Me
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oVTOV TOV TPOTO EMAEYOVUE TOV KAADTEPO dVVATO, OVAAOYO LE TO GUGTNLO
070 07010 PPIOKOUOCTE.

o XNV TEPIMTOON TOL KAVEVOS OO TOVG ETBVUNTOVS TPOTOVG AMEIKOVIONG OEV
elval 01000106, cuvioTaTol Vo EKTEAEGOVUE TNV EPOpOYN o€ Eva mapddvpo

optopévou peyéboug.

2mv pébodo setFullScreen() LAOTOWOLVTOL Ol TEPICCOTEPEG AMO TIS TOPOTAVED
TEYVIKEG. XTO KUplo mpoypoupa (main class) kpatdpe pio Aloto pe TOVG TPOTOLG

OTEIKOVIONG TOV EMOVHOVUE:

// The possible display modes of the game.
private static final DisplayMode[] POSSIBLE MODES = {
new DisplayMode(1024, 768, 32, 0),
new DisplayMode(1024, 768, 24, 0),
new DisplayMode(1024, 768, 16, 0),
new DisplayMode(800, 600, 32, 0),
new DisplayMode(800, 600, 24, 0),
new DisplayMode(800, 600, 16, 0),
new DisplayMode(640, 480, 32, 0),
new DisplayMode(640, 480, 24, 0),
new DisplayMode(640, 480, 16, 0)
}s

[Noa v obykpion avtg g Alotag pHe TOVS SBEGIHOVS TPOTOVS OTEIKOVIONG
ypnowonoovpe v pébodo FindFirstCompatibleMode() kot v pébodo
displayModesMatch(). AxoiovBel 0 KOOGS ™mg pedddov

findFirstCompatibleMode():

/**
* Returns the first compatible mode in a list of modes.
* Returns null if no modes are compatible.
*/
public DisplayMode findFirstCompatibleMode(
DisplayMode modes[])
{

DisplayMode goodModes[] = device.getDisplayModes();
//noinspection ForLoopReplaceableByForEach
for (int i = 0; 1 < modes.length; i++) {
//noinspection ForLoopReplaceableByForEach
for (int j = 0; jJ < goodModes.length; j++) {
if (displayModesMatch(modes[i], goodModes[j])) {
return modes[i];
}
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}

return null;

H pébodog avt maipver og Opicpa v Moto HE TOLG TPOTOLG OMEIKOVIONG TOL
emBopodpe Kot KatoOm TNV eAéyyel pio mpog pio pe v Alota TV Sbécimv
POV amekovions. O éleyyog yivetan péow g pebddov displayModesMatch(). O

KOG avtg TG pebodov siva:

/**

Determines if two display modes "match". Two display
modes match if they have the same resolution, bit depth,
and refresh rate. The bit depth is ignored if one of the
modes has a bit depth of DisplayMode.BIT DEPTH MULTI.
Likewise, the refresh rate is ignored if one of the
modes has a refresh rate of

DisplayMode .REFRESH_RATE_UNKNOWN .

ok ok ok * F %

*/
public boolean displayModesMatch(DisplayMode model,
DisplayMode mode2)

if (model.getWidth() !'= mode2.getWidth() ||
model.getHeight() !'= mode2.getHeight()) {
return false;

}

if (model.getBitDepth() !
mode2.getBitDepth() !
model.getBitDepth() !
return false;

isplayMode.BIT_DEPTH_MULTI &&
isplayMode.BIT_DEPTH_MULTI &&
mode2.getBitDepth()) {

11
O O

}

//noinspection RedundantlfStatement

if (model.getRefreshRate() !I=

DisplayMode .REFRESH_RATE_UNKNOWN &&
mode2.getRefreshRate() !=

DisplayMode .REFRESH_RATE_UNKNOWN &&
model.getRefreshRate() !'= mode2.getRefreshRate()) {
return false;

}

return true;

H pébodog avt emotpépet true povo 6tav ot TpOmOoL amekoviong EYovv v 1ot

avdAivon, 1o dto Pabog bit kot Tov 1610 pLOUS avavémoNs. XTI TEPUTTOCELS TOV TO
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BaBoc  bit eivor  BIT_DEPTH_MULTI 1 o puBudg avavémong  &ivat

REFRESH_RATE_UNKNOWN, Bempodpie 61t vtdpyet svpfatdtnra.

2.4 TloOnTKo Kol evepyNnTIKO rendering

2.4.1 ToOnTK0 rendering

Ot epappoyéc TANnpovg 000vie ekTELOVVTOL KOADTEPQ €AV £YOVV TOV ATOALTO EAEYYO
ndve oto Tt amswkoviCetar otnv 006vn [4]. Ot gpappoyés mov ektedovvTal evidg
Kamolov mapabHpov dev ackohV EAEYYO GTOV TPOTO AMEIKOVIONG. XTNV MEPIMTMOOT)
oTH, T0 CLUPAVTO ATEIKOVIONG dIVOVTOL AtO TNV EKOVIKN Unyovr g Java.

TG epappoyég dovVOEoN g ¥PNOTN oL  OMuovpyndnkav pE TV YA®ooO
npoypappaticpov Java, 1 JVM otéhver éva copPdav Coypagikng (paint event) cto
AWT (Abstract Windowing Toolkit), To onoio aropacilel mowa otoryeio mpémet vo
Coypaeiotovy, dnuovpyel €va aviikeipevo java.awt.Graphics mov olayeipileTon
mv mepoyn mov Bo evnuepwBel ko téhog kohel v pébodo paint() pe 10
avTIKEiLEVO QTO.

O Kddwog mov akoAovBel deiyvel v néEBodo avty.

// Traditional GUI Application paint method:
// This can be called at any time, usually from the event dispatch thread
public void paint(Graphics g) {
// Use g to draw my Component
}

Avtog 0 tpdmog Lwypapikng otnv 006vn avapépetal og mabntkd rendering (passive
rendering). Onwg eivar Aoywkod, To mabntikd rendering umopei vo emPopOvel TOAD TV
anddoon pwog epappoyns Java mov ypnowomolel to AWT kot to Swing ya v
oyedioon Tov ypaekob mepiPdriovtog ypnotn. H epappoyn mov avantdceovpe ota
mlaico avTg TS epyaciag dev ypnoomotet mabntukd rendering, KAtt T0 omoio givan

ATOAVTMG AOYIKO.

2.4.2 Evepyntiko rendering
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2V TEPIMTOON TOL 1 EPAPUOYN EKTEAEITAL OE AMOKAEIGTIKY AEITOVPYiOL TANPOLG
006vNG, 0 TPOYPAUUATIOTNS dEV Ypeldletar vo avnovyel Yoo aAlayéc oto péyehog Tov
TapaBOPovL, Yol LETAKIVIGELS TOL TapaBUPOL, VIEPKAAVYELS amd AAAL Topddvpa KTA.
Av16 ovpPaivet ylati dev Ba kaieitar n péBodog paint() amd TNV EIKOVIKY UNYovi
mg Java (JVM). Ze avtqv tv mepimtoon, t0 mopdbvpo mAnpovg 006vng
Coypapileton amevbeiog ommv 006vn. Avtdc o0 TPOMOG amekOviong ovoudleton
evepyntikd rendering (active rendering). To evepyntikd rendering amAomotlel v
dwdkacio (oypagikng Katd évav peydio Pobud, agod 0 TPOYPUUUOTICTAS OV
ypewaletar va avnovyel yio coppavia Loypaekng (paint events).

Ye avtifeon pe 10 madnTkd rendering, oto omoio M {OypaEK) YWOTOV HEGO GTNV
nébodo paint, oto gvepyntikd rendering 1 Coypaeikn Aopupdaver yopo péoa ce Evov
rendering Bpoyyo. O Kddwog mov akoAovOel deiyvel Evav T€Toto Bpdyyo.

public void myRenderingLoop() {
while (!done) {
Graphics myGraphics = getPaintGraphics();
// Draw as appropriate using myGraphics
myGraphics.dispose();

"Evag té€to10¢ Bpdyyoc umopet vo eKTEAESTEL GO OTOI0ONTTOTE VLKL 1] OO TO VILLOL TNG

KOplag epappoyng (main application thread).

T

Screen

v mopanmive kovo PAETovpe TV TEXVIKN TOL gvepynTikoy rendering. Omwg
TOPATNPOVUE, N EPOPUOYN OTNV €KOVA KatoAapfaver oAdkAnpn v o06vn. To

HoAVPL deiyver v amevbeiag Loypagikn oty 000v.
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2.4.3 Teyvikég o To evepyNTIKO rendering

e Mnv tonobeteite Tov k®K OV VAoTolel TV (wYpaPiky otnv 006vn péoa
otV n€Bodo paint(). Aev umopovpe va yvopilovpe 1o TOTE KoAeitor avti M
nébodoc. Avti g peboddov avtg, dnuovpynote pio pHEBodo pe doPopPETIKO
o6vopa, 6mwg n render (), n onoio propel va KAnOel and v pébodo paint()
OTNV TEPIMTOGN TOV 1 EQAPUOYY| HOG ekTEAEiTOl o mapdBvpo 1 pmopel va
KAnOel and tov rendering Bpoyyo otV TEPITTMOOTN TOL N EPAPLOYN EKTEAEITON
o€ Agttovpyia TANPoLG 006V G.

e Xpnowomnowmote v uHéBodo setlgnoreRepaint() o100 mapabvpo NG
EPOPUOYNG Kol oOTo ovotatikd g (components), €161 ®OOTE Va
amevepyoromBovv ta cuopPdvia Coypapuwng mov otéiver n JVM. Ta
ocuoppdvto avtd mpémer vo givol  amEVEPYOTOMNUEVO YOTL UTOPOLV Vo
onuovpynBovv Ge OKATAAANAEG OTIYUEG KOL HITOPOVV VO KOAEGOLV TNV
pnébodo paint(), kdtt 1o omoio Oa €yel avemBOUNTEG OCLVEMEEG OTNV
TEPIMTWON TOV YPNCLUOTOOVUE TOV d1KkO pag rendering Bpdyyo.

o Eegyowpiote 1oV KOO {oypapikng cog amd tov rendering Bpodyyo, 1ol doTE
Vo UTOPEL va eKTEAELTOL 1] EPOPUOYT Ko GE AglTovpyio TANpovS 006vNg Kot o€
napabupikn Agttovpyia.

¢ Beltiwote v {oypagikn mov ypnolponoleite, £tol dote va unv (oypagilete
ouvey®g Ola ta ototyeia otV 006vN (EKTOG OV YPNOLUOTOLEITE TNV TEYXVIKN
ypnyopns evoliayng oeiidoc/ page flipping 1 v TEYVIKA TOL SUTAOD
buffering/ double buffering).

e Mnyv Baocileote otig pebBoddovg update() kot repaint() yo v dnpovpyio
ocupupaviov (oypaeikng.

e Mnv ypnoylonoteite cvoTaTKG (components) oLV EMPAPVVOLY TNV UVAUN,
vyt emPopdvovv v amddoon g cvvepyasiog tov AWT pe v tp€yovoa
TAOTOOPLLOL.

o Av YPNGOTOLEITE GLOTATIKO TOV OEV KOATAVOADVOLV TOAAOVG TOPOLS GE
pvAun, Omw¢ w.y. To ovotatikd tov Swing, tote B0 ypelactel va
TPOTOTOU|GETE TO. GLGTATIKA AVTA TG MoTE Vo {wypapilovTatl e TO KO Gog

avTikeipevo ypoewk®v (Graphics) kot Oyt pe v KAnon g pebddov
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paint(). Mnv diotalete va kaAeite pebddovg 6nme ot paintComponents(),
paintComponent(), paintBorder() kot paintChildren() amevbeiog amod
tov d1kd cag rendering Bpdyyo.

e Mnopeite va ypnowomomoete maOntikd rendering ov Oéhete  va
TPOYPOUUOTICETE po oA €QapUoyn TANPovg oB6vng mov YPNGLOTOLE
ovotatik@ Swing 1 AWT, aAld va yvopilete 0tL To0 cupfavta (oypaeikng
pmopel va gtvor meprttd ko pn a&omota oe Asrtovpyion TANPOVG 00OvIG.
Emiong, av anopacicete va ypnowonomoete tadntikd rendering, tote dev
UTOPEITE VO (P CLLOTOUCETE TEPICTOTEPO TPOYWPNUEVES TEXVIKESG, OGS TL.X.
to page flipping.

o Y& kopio mepimtwon punv ypnoiponoleite mobntikd Ko evepyntikd rendering

tavtoypova. Mia tétota Tpocéyyion Ba dnuovpynoet adiE€oda — deadlocks.

2V €QapUOY OV avamtHYONKE oTa TAOIGLOL QLTS TNG EPYACING, TO EVEPYNTIKO

rendering mpaypotonoleitor oty péBodo animationLoop() TG main KAAoOMG

(Game):

/**
* The animation loop of the game. The animation of the game is
* time-based. It calls the update() method with the time that has
* elapsed. It also calls the draw() method and updates the screen by
* changing the buffers (by calling the update() of the Screen Manager
* class).
*/

public void animationLoop() {
long currTime = System.nanoTime()/1000000;

//noinspection InfiniteLoopStatement

while (true) {
elapsedTime = System.nanoTime()/1000000 - currTime;
currTime += elapsedTime;
update(elapsedTime);

// draw and update the screen
Graphics2D g = screen.getGraphics();
draw(g);

g-dispose();

screen.update();

if (inputManager . isEscapePressed()){
try {
stopSounds();
} catch (LineUnavailableException e) {
e.printStackTrace();
} catch (UnsupportedAudioFileException e) {
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e.printStackTrace();

}
}
// noinspection EmptyCatchBlock
try {

Thread.sleep(1);

catch (InterruptedException ex) { }

H péBodog System.nanoTime() emoTpéPel pe TV peyorvtepn dvvatn axpipeta tnv
opa tov cvotuotog (ce nanoseconds). H Sun mpoteiver to akdlovBo koppdtt
KOO 0TV TEPITTOON oV BELOLUE VO VITOAOYIGOVUE TOV YPOVO EKTEAECNG KATOL0V

KoowKa [5]:

long startTime = System.nanoTime();
// ... the code being measured ...
long estimatedTime = System.nanoTime() - startTime;

H pébodog System.nanoTime() etvar dwbéoun amd v éxdoon 5.0 g Java. Ze
TPONYOVEVEG €KOOOELG B YPNOLOTOIOVGALLE mv uebodo
System.currentTimeMillis(), N omoio EMGTPEPEL TNV OPO TOL GLTNUOTOS GE
milliseconds. Ztov k®dtka dtatpovpe v Tun pe to 1000000 yioti pog evotapépovy
ta milliseconds.

[Mapanpodpe eniong, 0Tt 6TOV KMIKA KaAoLUE TNV HEB0do update () pe OPIGHO TOV
YPOVO TOVL TEPACE OmO TNV TPONYOUUEVN ekTéAEOT TOL Ppdyyov (elapsedTime).
Méoa amd avt ) pébodo karovpe Tig peBddoVS mov gival vVELOLVES Yo TOV EAEYYO
KOl EVIOTIGUO T®V GVYKPOVGEWDV (0 UNYOVIGHOG OVTOG TEPLYPAPETAL GTO KEPAANLO 5).
Emiong, kodovue v pnébodo screen.update(), n omoia speavilel o meprexdpueva
tov back buffer otnv nepintwon mov ypnoponoode double buffering 1 aAidler ko
epneavilel Ta meplEYOUEVA NG GEAIDOG OTNV TEPIMTOGT TOL YPNGLUOTOOVUE TNV
Teyvikn tov page flipping. Ot teyvikég avtég B avaivBodv TapakdTo.

Ytov Bpdyyo tov if kavovue EAeyyo Yo To av £xel matnOel o TANKTPO escape, omoTe
TPEMEL VO GTOLUATHCOVLE TOLG 1YOVS TOL ¥PNOLomotel To mayvidt, pe tnv KANom g
nefooov stopSounds(). O kmddkag g pebodov givor o eEnc:

/**
* Stops the sounds before we exit our application.
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*/

private void stopSounds() throws LineUnavailableException,
UnsupportedAudioFileException {
backgroundMusic.stop();
killCoopa.stop();
getCoin.stop();

Tnv pébodo stop() 0o v avarvcovpe 610 4° KEPAANLO, OOV TEPTYPAPOVUE TIC
TPOYPULUATIOTIKEG TEYVIKEG TOV APOPOVV TOV 1XO.

Kotomy aneioviCovpe to anapaitmta ototyeio omnv 000vn Kot KaAovpe v pnéBodo
Thread.sleep() e to pikpdtepo duvatd opopa. H kinon avtig g pebddov eivan
amoPOiTN T, TPOKEWEVOL O EMEEEPYOAOTNG VO WITOPEL VO OLEKTEPULMDVEL TTOPAAANAQ KOt
bAhec Aertovpyiec ko va punv amoacyolreitor 100% ond v epappoyr poc. Xtnv
EQAPLOYY Hog vrdpyel pévo to main thread, xkabmg emiong kot to vipo TPodONGNG
veyovotmv oo AWT (event dispatch thread). Ilepiocotepa yioo To vijpa TpomOnomng
yeYovoTmV Ba avapépovpe 610 KEPAANLO 3, TO OO0 QPOPA TNV JSLOOPOUCTIKOTNTO, LE
TOV PNOTN.

O xodwag Coypapkng tomobetOnke eEmtepikd omd tov rendering Ppdyyo (6mwg
OLVIOTA 1] TEYVIKY), Kol Evoopat®nke oty pébodo draw():

/**
* The draw() method draws the map on the screen.
* @param g The screen Graphics object.
*/
public void draw(Graphics g) {
renderer.draw((Graphics2D)g, map, screen.getWidth(),
screen.getHeight());

}

2.5 Teyvikég oumrhov buffering kol ypiyopng evariayns cerdog

2.5.1 Teyvwkn owwhov buffering

Ag voBécovpe 0T mpémel vo (oypagicovpe pio ikéva ToL KOAOTTEL OAOKAN PN TV
006vn kot pénel va (wypapicovue éva-éva ta pixels 1 va {oypagpicovue ypopuun-

ypouun. Ze avtiv v nepintoon o mapatnpnoovpe 0Tt | LOypaPikn Taipvel TOAD
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YPOVO, LE OTOLAONTOTE KOl Atd T1G dV0 Tpoceyyioels akolovdnoovpe. Yrdpyet eniong
N TOAVOTNTA VO, TOPATNPTICOVLE Kol TOV TPOTO LOYPUPIKNG TNG EKOVOCS, ONA0ON TO10
népog g Loypapiletor TpdTo Kot [e Tole GEpd [6].
Ol TPOYPOUHOTIOTEG ETPETE VO YPNCLLOTOLGOVY EVOV TPOTO Y10, TOXVTEPT KoL TTLO
apeomn Coypaeikn. ['a va to emtdyovy 0T YPNGILOTOIOVV TNV TEXVIKN TOV SUTAOV
buffering/ double buffering. H 10éa tov double buffering omv yAdooca
Tpoypappaticpoy Java efval omAr] kot ca@ng: onpovpyodpe pio ekova €KTOC
006vng, Loypapilovpe otV €KOVO AVT YPNOYLOTOIDVTOG TO OVTIKEILEVO YPOUPIKMV
(Graphics) g ewodvag kot petd  kaiodue v péBodo  drawlmage()
YPNOOTOIDOVTOS TO OVTIIKEILEVO YPAPIK®V TOL Topafipov Kol TNV €KOVO TOV
Loypapicape extdg 006vng. To Swing ypnoiomolel avt v TEYVIKN O TOAAGL
OLGTATIKA TOV, YpNoIponomvTas TV HEBodo setDoubleBuffered().
H emoedveia g 006vng ovoudletatl «mpotapyikn empdvelo» (primary surface) Koim
gwova €kt0¢ 000vng mov ypnowonoteitar ywo to double buffering ovopdleton
«dgvtepevovoa meployn evatdpeons uvnung» (back buffer). H dwadikacio avirypagng
TOV TEPIEYOUEVOV OO TNV Uio EMPAVELD GTNV AAAN OVOUALETOL KUETOPOPEL YPOLLLUNG
umAoi» (block line transfer) 1 aAAumg “blitting”.

Double Buffering

1. Draw
graphics -— d
Image Screen
Back Buffer Frimans Surface
2. Blt
LA e -
Image Screen
Baclk Bufifer Frimans Surface

Yy mopandve €Kove oto mAaicto 1 BAémovue to back buffer apiotepd ko v
gwova mov Loypagilovpe 6 aVTO YPNCLOTOOVTAG TO OvVTIKEILEVO Graphics Tov.

Ag&d PAémovpe v empavelo g 000vng (primary surface), 1 omoia Tpog T0 mwaPHV
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dev omewovilel Timota. Xto mhaico 2 PAEmovpe v Sadikocio blitting (v
ocvvtopoypagia blt) n omoio avalappdvel Ty avTiypaen TV TePEXOUEVOY Tov back

buffer 6to primary surface g 086vng.

Back Buffer \E;}'

Screen

H nmopamdve euwova deiyvel e amlovotepo tpomo v teyvikn tov double buffering.
Onwg mapatmpovue, to back buffer avtiypdeeton (copy) oto primary surface tng

006vng.

2.5.2 Teyvuen ypNyopns EVOALOYNS GELIOOG

H mpotapywkn emoedveio g o06vng mpoomeldoetolr HECH TOV  OVTIKELEVOL
YPAPIKAOV TOV Ttopadvpov TApovg 006vng. Emopévmg omotadnmote avapopd e avto
TO YPOaPIKO avTikeipevo glvarl pio ava@opd oty pvnun g o8o6vng (screen memory).
AvT0 elvarl €vo TAEOVEKTNUO TTOV €YOVV Ol EQPUPLOYEC OMOKAEIGTIKNG AELTOVPYiOG
nAnpovg o86vnc. Emiong, ot epoppoyés avtég pmopodv vo YPNGLLOTOcoVY i
popoen duthov buffering,  omoia ovopdleton TeviKn YpRyopng EVOALayng ceAidag, 1
aAmg «page flippingy.

[ToAAéG KAPTEG YPOPIKMOV YPNOOTOOVY £vav deiktn ypagikdv/ video pointer, o
omoiog eivor pio dievbuvon oy pviun TG KAPTOS YPOPIKAOV. AVTOG 0 Ogikng
€100TOLEL TNV KAPTO YPOUPIKDY Y10 TO TOL TPEMEL VO WAEEL Y1 VoL BPEL TaL TEPLEYOUEVL
mov OBa mpémel va mwpoPdiiel Katd Tov emOpEVO KOKAO avoviéwong g ofovng. Xe
HEPIKEG KAPTES YPAPIKMV KOl GE UEPIKE AEITOVPYIKE GUOTHLATA, O TPOYPUUUATIGTNG

Exel v duvatodTNTO VO XEPLOTEL TOV OEiKTN AVTOV.
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‘Eoctm 611 dnpovpyodpe €va back buffer mov €yet id10 Vyog, TAdtog Ko Babog bit pe
v 086vn. Metd (oypaeilovpe og avtd pe tov id10 tpdmo mov 10 Kévape oto double
buffering. YmoBéote 6t avti va avtiypayovpe to mepexdpeva tov back buffer oto
primary surface g 006vng, anid wévovpe tov video pointer va delyver oto back
buffer. Katd v didpkeia g emOUeEVNS avavE®ONG, 1 KAPTA YPOPIK®OV Oa eppavicet
mv ewova tov back buffer. H aAlayn oavt) ovoudletor page flipping kot to
mAeoVEKTNUA Tov €xel avt 1M TEYVIKY évavtt tov double buffering sivor o6t
avTrypaeetal povo Evag delKTng, avti vo avTypa@oiyv OAo T TEPEXOUEVA A0 TO £Vl
buffer oto dAlo, omdte PerTidveTal TOAD GNUOVTIKA 1] OTOOOGT.

Otav ovpPaivel pia aArayn oeiidag (page flip), o deiktng amd to moad back buffer
delyvel oto primary surface kot o dgiktng amd to moAd primary surface deiyvel 6to
back buffer. Kéfe @opd mov yperaletar va {oypapiotel kdtt, Aappdvel yopa éva page

flip.
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Page Flipping

&

Back Buffer

1. Draw

graphics

Screen

Primary Surface

Y Primary Surface

2. Flip

& l"l.

graphics !
/

A

e

Back Buffer

Yy mopandve swdva PAEmovpe v texvikny page flipping. Tto 1° mlaicio tng
ewovog PAémovpe 0tL 0 video pointer deiyvel 6to primary surface, to omoio Tpog To
napdv dev €yel kAt vo amewovicel. O Oeiktng graphics delyver oe mowo buffer
Coypaeilovpe v kdOe otryun. v nepintoon pog {oypapilovpe mpdta oto back
buffer. £to 2° mhaicio Tpoypatonoteitar pia aAlayr/ flip. O video pointer deiyvel 610
back buffer, To omoio tdpa petatpannke oe primary surface ko o graphics pointer
delyvel oto primary surface 1o onoio topa €ywve to back buffer.

Mepikég popéc eivar yprioyto va ypnotponolovpe ToAld back buffers, dnpovpydvrog
o advcida odrayov (flip chain). H aivoida avt) gival ypnoiun 6tav o ¥pdvog mov
amotteiTon KaTd TV OtdpKel TG LOYPUPIKNG Elval HEYOADTEPOS OO TOV XPOVO TOV

arorteiton yuo voo coppel pio avavémon g 086vng. Mia flip chain anoteAeitan amd
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dvo 1 meplocodtepa. back buffers (ta omoio ovopdlovtar evoidupeco buffers/
intermediate buffers) kot To primary surface. Xe pio flip chain to emduevo Kabe popd

back buffer petatpénetar oto primary surface.

Display
Pointer
S

Buffer 1:
Display Buffer

#

Buffer 2:
Back Buffer

Cry s

Screen

Buffer 1:
Back Buffer

«—
Display

Pointer

Buffer 2:
Display Buffer

211c mapamdve eikoves Eavafiémovpe v teyvikn tov page flipping pe amiovotepo
Tpomo. To poAvPt deiyvel v emedvela oty onoio {oypaeilovpe v kabe oTryun.
Emiong, mapatnpovue 6tL o display pointer (video pointer) delyvel v €iKOvo GtV
omoia dev {wypaeilovpe v otiyun mov anewoviletal oty 006vn. 1o page flipping

dev mpaypatomoteiton Kapio ovIypaer, amimg aAAALEL 0 deikTNG.
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2.5.3 ITAgovektipato Tov diwhov buffering ko Tng ypiiyopng evarirayng
oEMOUG

To double buffering ka1 to page flipping pmopet vo unv yivovtor 1660 ypriyopa 6Go
T0 evepyNTiKéd rendering, 0AAA Ol TEYVIKES OVTEG YPTOLLOTOOVVTOL Yol TNV PeAtioon
™mg avTiMmTikng anddoong (perceived performance, dniadn g amddooNS 7OV
avtilapBavopacte), n oroio elval TOAD CNUAVTIKY OTIG YPAPIKEG EPOPLOYES KOt OYL
™G opBuntikng arddoong (numerical performance).

To duwrhd buffering ypnowonoteitor yioo vo €Ea@ovicel ONTIKA WYeyAd TOL
TOPOTNPOVVIOL CE  YPOPIKES E€PUPUOYES, Ommg To  tpepomaiSipo (flicker), 1
akovoviotn kot PBpadvkivntn kivnorn. To page flipping ypnowponoleitor v va
eCalelyel ta mapandve, poll pe to eowvopevo tov tearing. To tearing mapovoidletal
otav éva pépog tov moiwoy buffer mpofdrietanr tavtdypova pe 1o véo buffer.
Yuykekpyéva, to tearing copfoivel 6tov o puOUodg aAlayng twv frames Eemepvd Tov
pLOuUd avavémong g 006vng. H eidva mov akorovBel deiyver Tt umopet va couPet av

to page flip ovuPet otnv péomn ™g avavémong g 00O vNG.

Crr o

Screen

Onwg mapatnpovpe, 1o page flip cuvéPn v otyun mov n avavémaon g 006vng nTav
GTNV HEGT, Y10 ALTO KOl TO TOVE HGO TG EKOVOS OVTIGTOLYEL GTO TPOTYOVUEVO KOPE
Kol T0 KAT® Hiod g eikdvag avTiotolyel 61o Kovovpylo Kapé (1 avavéwon yivetaot
oplovtiong, Eexvovtag omd 10 Tave pépog g 006vng). Ondte, 1o page flip mpénet
va ovuPel axpiPag tpotod mpaypatoromBei n avavéwon g 006vng. Me v Bondela
¢ KAdong BufferStrategy o TPOYPOUUATIOTAG OevV ¥pedleTon vo ovnovyel yio

OVTEG TIG TEYVIKEC AETTOUEPELEG.

Hovemotiuio Maxedovias — IIMXE Tunuoros Epopuoouévng Iinpopopikng 26



Toobroiog EvBiuiog, «Game Development oe Javay

2.6 Owv kLdoeic BufferStrategy kot BufferCapabilities

2.6.1 H xLdaon BufferStrategy

Amd v €kdoon ¢ Java 1.2 kot peTd, 0 TPOYPUUUATIOTNC TOV YPNOLUOTOLEL TV
teyvikn tov double buffering v Tov page flipping dev yperaletatl vo avnovyet yio Tov
video pointer 1 yoo TV HUVNUN TG KApTOS YPOPIKOV. Avtd mALov Olayelpilovion
avtopato and v Java, pe v Pondeia g khdong BufferStrategy [7].

H xhdon avt mapéyet dvo pebddovg mov pmopoldv vo ypnotpomombovy Kot pe Tig
dvo teyvikég (double buffering/ page flipping). Avtéc eivatl ot getDrawGraphics()
kol show(). Otav Béhovue vo Coypapicovpe kdatt otnv 006vn, koAodue Tnv
getDrawGraphics(), maipvovpe 10 ypoeiko avtikeipevo ko {oypapilovpe o avTo.
Ortav teleidoovpe pe v Coypaeikn Kot OEAOVE Vo EPPAVIGOVIE TO OTOTEAEGHOTO
otV 000vn, kokovue v péBodo show(). Avtég ot 6vo pébodor xovv oyedtooTel
£tol ®ote vo. Asrtovpyolv amodotikd Otav Ppiokoviar otov 100 Ppoyyo. [a
TopaoELy oL

BufferStrategy myStrategy;

while (!done) {
Graphics g = myStrategy.getDrawGraphics();
render(g);
g-dispose();
myStrategy.show();

Me v BufferStrategy «Adomn UmOpOVOUE €MIONG VO TOPATNPOVUE TIG
Volatilelmage ewodvec. Ot eikdveg avtég amodnkedovionl 6TV PUViUn TG KOPTOG
YPOQIK®V, Kol givor toyvtepeg otnv oayeipion. To pelovékmud tovg eivon 0T
UTOPOVV AVl TAGH GTIYUN Vo yoBo0v amd v Hviun g KAPTS YPOPIKOV, OTOTE O
TPOYPOUUATIOTHG TPETEL VO KAVEL CLUVEXDS TOVS OTAPAiTNTOVG EAEYYXOVG (Vo EAEYYEL
oniadn av elvar mavio OSoBéciues Kor oV mEPIMT®OON 7OV dgv Elval Vo TIG
Eavapoptdvel otnv puvnun). Otav pio epappoyn ektekeitor oe mAnpn 006vn ko
Kamolog ypnotg matnoel to TAnktpa Alt+Tab, tote n gpapupoyn 0o cvveyicel va
ekteAeitan oto background, aAld Ba €xel xabel n pvun ™G KAPTOS YPUPIK®OV TOL

xpNoomoovTay otnVv €@appoyn. Me v uébodo contentsLost() pmopovue vo
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eréyEoope av €xel ocopPel kdtt mapdpolo kot pe v péBodo contentsRestored()
pumopovue vo eAEYEovE OV TOL TEPLEYOUEVA £XOVV OVTMG POopPTOEL otV Uviun TG

KAPTOG YPAPIK®V KOl 6TV 006VN.

2.6.2 H xLaon BufferCapabilities

Kd&Be Aertovpyikd cvotnpo kol Kabe KAPTO YPOOIKOV UTOPOLV VO VAOTOU|GOLV
SpopeTikég teYVIKEG. Mmopovpe va pabovpe Tt kavotnteg owbéter to KAOe
OUOTNUO KOl VO ETAEEOVHE TNV KOADTEPN Y10 TNV EPOPUOYT| LLOGC.

KaOe BufferStrategy eléyyetor amd TIG KOVOTNTEG TOV GULGTNHATOC, TIG OMOlEg
evoouatovel 1 kAdon BufferCapabilities. Emopévmg, mpénet va  eipoote
TPOGEKTIKOL, £T01 MOTE Vo eMAEEOVIE TIC KAAVTEPES Y10 TO TPOYpauUd pog. o va
pndBovpe moleg wovotnteg eivon dwbéoueg mpémer vo kaAéoovpe v pEB0SO
getBufferCapabilities() and 10 avtikeipevo GraphicsConfiguration, to omoio
TO{PVOLLLE OO TNV GVOKELY] YPAPIKAOV (graphics device).

Mepucég amod Tig kovotnTeg €ivat ot €ENG:

e isPageFlipping() =2 Me avt) v pébodo pabaivovpe av pmopovue va
YPNOLOTO ooV LE TNV TEYXVIKY page flipping 6To £v Ady® choTHA.

e isFullScreenRequired() =2 Avti n péBodoc pag TANPOPOPEL Yo TO v
N epapuoyn oamorteitor vo ekteheitor oe Agrtovpyia mANpovg 006vrg,
TPOKEUEVOD VO YPNCLLOTOCOVLE TNV TEYVIKT page flipping.

e isMultiBufferAvailable() =2 Avti n uébodog pog TAnpogopet yio. to
oV UTOpPOVLLE Vo xpnoipomomcovpe mtoAlanAid buffer (dveo tov 2) oto &v
AOY® cvGTUO.

e getFlipContents() =2 Me avti v uébodo pmopodpe vo. pdbovue mola
TEYVIKY ypnowonomdnke v vo mpaypoatomombet 1o page flipping. H
eMoTPEPOUEVN TN popel va eivan null (yeyovdg mov onuoaivel 6Tl to
isPageFlipping() emotpépel false) N va €yl pia amd TIG akOAovbeg
TIUES:

" FlipContents.COPIED = H tyw9 ovt] onuoiver o0t Ta

nepleyopeva tov back buffer avtiypdenkav oty empdvelo g
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006vne. [paypatomomnke onAodn aviypagn TV TEPLEXOUEVOV
tov buffer kot Oyt o anAn ailoyn tov video pointer (cuvéfn
oniadn éva blit avti yw éva flip). H teyvikn avt) teyvikd sivon
OTOJOTIKY], OV KoL 1) ToYOTNTO OVTLYPOPNS UTOpEl var dlapépel amd
CUOTNLO GE GUGTNLLOL.

* FlipContents.BACKGROUND - H tyn ovtf onuoivel 0tt ta
mepleyopeva tov back buffer xoboapiotmkav pe to ypodpo tov
@ovTov. Mropet va cuvéPn eite éva flip ite éva blit.

" FlipContents.PRIOR = Avti 1 T deiyvel 0Tl Ta TEPLEYOUEVA
tov back buffer eivor topa to mEpEydeEva TOL TAAOD primary
surface kot avtioTpdPmc. ZovéPn OmAaodn mpoayuatikd €va page
flip.

" FlipContents .UNKNOWN = H twn ovty onupaivel o0tL Ta
mepeyopeva Tov back buffer dev £yovv mpocdlopiotel petd to page
flip. O mpoypappatiotg Oa mpénetl va opilel amd poévog tov Ta

neplexopeva tov back buffer ke popd mov 6éAer va (oypapicet.

[No va onmuovpynoovpe pio BufferStrategy Yo €vo GLOTOTIKO, TPEMEL Vo
KaAéoovpe v puéBodo createBufferStrategy () pe 6piopa tov apbud tov buffer
mov emBupovpe (otov apBud avtd meprlopPdveron ko to primary surface tng
006vng). And Vv otiyun mov Eyovpe dnuovpynost pio BufferStrategy yio éva
OLOTATIKO, UTOPOVLE VO, TNV YEPICTOVUE HECH TNG LeBOOoL getBufferStrategy().
Av gmBopovpe vo ypnoYomomoovpe pio cvykekpluévn texviKY buffering, tote
UTOPOVLE VO YPNCLOTOMGOVUE EVa KOTAAANAO avTikeipevo BufferCapabilities.
Ye mepintwon mov 1 texVIKN dev givar drabéoun, dnuovpyeitoan pio e&aipeon tomoL
AWTException. Télog, mpémer vo onueudcovue 6Tt ot mopamave pédodotl sivat

dwbéoueg povo og avtikeipeva Canvas 1| Window.

2.6.3 Teyvikég Yo v ypnoiponoinon tov kKhdcemv BufferStrategy ko
BufferCapabilities
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O kddKaG Yoo TNV OVAKTNOY], TNV YPNCLULOTOINGCT Kol TNV OTO0OEGUELGN
TOV OVTIKEWWEVOL YpapikdV (graphics object) eivor mo ac@aing av
nephoppdvetor  avapeca omnd  évav  try..finally PBpoyyo. T
mopaoEypLoL:

BufferStrategy myStrategy;

while (!done) {
Graphics g;

try {
g = myStrategy.getDrawGraphics();

render(Qg);
3} finally {
g-dispose();

myStrategy.show();

e [Ipotov 0 TpoypaUHaTIOTNG YPNooTomcet pio BufferStrategy, mpénet
va eAéyEel moteg kavotnteg drabétel To cvotnuo (BufferCapabilities).

e [ woAOTEpO omoteAéopata, KOAO givor  va  dnpiovpyodue TNV
BufferStrategy o€ mapdfupo mov exTeAEiTAL GE AMOKAEIGTIKY| AglTOVPYiQ
A povg 006vng. TIpotov ypnoyomomaoovpe to page flipping mpénel va
eréyEoopue mv T OV EMOTPEPOVV ot pébodot
isFullScreenRequired() kot isPageFlipping().

e Agv givol cwotd vo KAVOLUE VTOOECELS OVOPOPIKE [E TNV OmOO0O0T).
[Ipémer va Bopdpacte 6t 1 amddoon glvar GLVAPTNGT TOV AELTOVPYIKOV
GULGTNLLOTOG KOl T®V SUVATOTHTOV TNG KAPTOS YPUEIK®dV. OmodTe TPEMEL val
TPOGOPUOCOVE TNV EPAPUOYT HOS DOTE VO KAVEL TNV KAAVTEPT duvaTn
YPNOT TV TPOCPEPOUEVMV OLVOTOTIHTOV.

e  Mmopodue va vepkaidyove v péBodo createBufferStrategy (). Ot
ecmTepKEG KAGoelg FlipBufferStrategy kot BltBufferStrategy sivat
protected kol UTopoHv Vo ELPMOAEVTOVV GE KATOL0 KAAGT.

o Acgv mpémel vo Egyvape OTL TOL TEPLEYOUEVA TOV EMUPOVEUDV OTIG OTOlES
Coypaeilovpe pmopel va yoabovv. Ilpotov Cwypagicovpe mpémet va
Kbvoope  €Aeyyo pe T ueBodovg  contentsLost() ko
contentsRestored(). Onowo buffer £xet ydoetl Ta mepieyduevd Tov TPEmEL

va EovalmypaloTtel TPOToL EUPOVIGTEL GTNV 006VN.
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e XtV mepintwon mov ypnolwomolovue pio BufferStrategy ywo double
buffering oe pio Swing eQoppoyr, TPEMEL VO OTEVEPYOTOU|GOVUE TO
default double buffering mov dabéToVV Tt GLGTATIKA TOL SWing.

e H ypnowonoinon mapandve tov evdg back buffer umopei va peidoet v
amodoon G e€@appoyns pog. To moAdd back buffers mpémer va
YPNOLUOTO0VVTAL HOVO OTAV 0 ¥pOvog Loypapikng Eemepdoel ToV YpOvo

oV YpeldleTor yio vo LPavicTobV To omoTeAESHOTA TG LeBddov show().

2NV €QOPUOYN OV AVOTTOEANE GTO TAOIGLO TNG SUTAMUATIKNG EPYUGIOG, O KMOTKOG
Y. TNV oVAKINGY, TNV YPNOLUOTOINGN KOl TNV OTOJSECUEVCT) TOV OVTIKEWEVOD
ypapikadv (graphics object) Ppioketor péoa oto rendering Ppdyxo. Emiong,
npocOécaue Evav Ppoyyo try. . Finally, ®ote va copPodiCel pe mv 1" teyvikny mov

TEPLYPAPNKE TPONYOVUEVEOG :

/**

The animation loop of the game. The animation of the game is
time-based. It calls the update() method with the time that has
elapsed. It also calls the draw() method and updates the screen by
changing the buffers (by calling the update() of the Screen Manager
class).

ok % 4 ¥

*
/
public void animationLoop() {
long currTime = System.nanoTime()/1000000;

//noinspection InfiniteLoopStatement

while (true) {
elapsedTime = System.nanoTime()/1000000 - currTime;
currTime += elapsedTime;
update(elapsedTime);

// draw and update the screen
Graphics2D g = screen.getGraphics();
draw(g):

g-dispose();

screen.update();

if (inputManager . isEscapePressed()){
try {
stopSounds();
} catch (LineUnavailableException e) {
e.printStackTrace();
} catch (UnsupportedAudioFileException e) {
e.printStackTrace();

}
}
// noinspection EmptyCatchBlock
try {
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Thread.sleep(1);

}
catch (InterruptediException ex) { }

H pébodog show() tg BufferStrategy koAeitar péoa omd v pébodo update()

TOL OVTIKEWEVOL screen (KAdon ScreenManager) :

/**
* Updates the display.
*/
public void update() {
Window window = device.getFullScreenWindow();
if (window '= null) {
BufferStrategy strategy = window.getBufferStrategy();
if (Istrategy.contentsLost()) {
strategy.show();
s
b

// Sync the display on some systems.
// (on Linux, this fixes event queue problems)
Toolkit.getDefaultToolkit().sync(Q;

[Mopatnpodpe 6Tt otV mapamdveo péBodo yivetar EAeyyog v To av &xovv yabel ta
mepleyopeva,. tov  buffer (ue v pébBodo contentsLost()). Ta mepeydueva
Coypaeilovtal pdvo av dev Exovv yobet.

Eniong, ypnowomoovpe v péBodo sync() tov Toolkit Yoo GLUYYPOVIGUO TOL
TPOTOV AMEIKOVIONG GE KATOW0. GLGTNUATO, OTWG HOg TANPOPopel N Sun PHEG® TOL

javadoc ¢ KAdong Toolkit:

Sync

public ahstract wvoid synco()
synchronizes this toolkit's graphics state. Some window systems may do bulfenng of graphics events.

Thiz method ensures that the display 1z up-to-date. Tt 15 uzefil for ammation.

Téhog, Otov kaiovpe v péBodo createBufferStrategy(), m Java emiéyet
avToOHaTO TNV KAADTEPT HEBOOO GVUE®VA PE TIG SVVOTOTNTES TOV GLGTHUOTOGC. TNV

apyn ooxkaletl o page flipping kot ov 1 TeXVIKN VT 0V elvar dtbéotun, doxkiualet
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to double buffering. Emiong, mpotov mpaypoatonombei éva flip, mepuéver puéypt va
avavewdel 1 006vn. Avtd €xel TO TAEOVEKTNLOL OTL O TPOYPOUUOTIOTNG dEV YpeldleTon
va avnovyet yia Tig Aentopépeteg Tov buffering. To petovéktnua etvor 6t 10 oy vio
umopet va €yl puéyroto frame rate ico pe tov pubud avavémong o086vng (m.y. 60 1 75
frames ava second). Xtnv mepintwon wov 10 frame rate givon peyoddtepo amd TOV
pLOud avavéwong o0Bovng, 1OTE M petakivnon tov aviikewévov Bo givol tOc0

yp1yopn mov Ba potdlel EEMMPAYULATIKY KOl «CTOGTI.
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KE®AAAIO 3

AL00POUGTIKOTNTO KOl ETIKOLVOVIO UE TOV YPNOTI)

Eivor dedopévo 01t Oha ta moyvidla ypetdletal va aAANAETIOPOLY LE TOV YPNOTH.
Avto amotelel pia amd T1g PacikdTePES EVVOLES TOV TTOLYVIOOV, OTL ONAAOT O XPNOTNG
UIopEl VoL GUUUETEXEL EVEPYH TOUPVOVTAG CLYKEKPLUEVES OTOPAGELS KOl TO TToy Vil va
avTamokpiveTol oTIG amopdacel avtéc. Ondte, Kabe maryvidlr mpénel va. pmopel va
SLALOUPBAVEL TIG EVEPYELEG TOV XPNOTH AVE TAGO GTIYUT.

On evépyeteg avtég pmopet va apopovv cupPavia (Yeyovota) mov TpogpyovTal amd To
TANKTPOAOY10, 0md TO TOVTiKL I axoun kot amd évo joystick / joypad. To maxéro
AWT (Abstract Windowing Toolkit), mov ocvumeptlopufdvetor otnv yAOOOoWH
npoypoppoticpod JAVA, €yer moAAd vmomokéto, éva omd Tto omoio givol TO
java.awt.event. To mokéto avtd mopEYEL OGLVOEGES KOl KAGGES Yo TOV
YEWPIGUO TOV YEYOVOTOV TOV TPOEPYOVTOL OO GLGTATIKA TOL AWT.

Y10 ovotatikd (components) tov AWT avrjkovv katnyopieg 6nwg ot: Window, Frame,
JFrame, Button, Canvas, List. ['la v €poppoyn HoG evOlPEPOLOCTE YL TO
ovotatikd JFrame, yiati To mwotyviol ektedeital evtog vog JFrame Kol TO GLGTATIKO
avtd Oa Tpémel v akpodleETaL TIC EVEPYELEG TOVL YPNOTY. LVYKEKPWEVA, 1) tEpapyia
Tov JFrame gival 1 e&nc:

Java.lang.hiject

[ Java.awt. Component

I Java.awt.Container

M Jarva.awt . Window

L Java.awt .Frame

|—ja1.rax. swing.JFrame

3.1 Tpomog cvrhoync yeyovoT®y amd 10 AWT

Avoeepnrope mponyovpévmg 0Tl 10 TOKETO java.awt.event TopEYel OAEC TIS
OlIGVVOEGELS KO KAAGELS OV OTOLTOVVTIOL YIO. TOV YEPICUO TOV YEYOVOT®V TOL
nmpoépyovtol omd cvotatikd Tov AWT. Aev avapepnrape Opwg pe modv Tpdmo 1o

AWT cvlrhoppdvet kot avtamokpivetal ota yeyovota auTd.
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To AWT éyxet 10 o6 10V EgYwplotd vipa mov ovoropPaver v mpom®dnon twv
yveyovotwv (event dispatch thread). Otav éva yeyovog mpaypoatomotleital, mTpdOTO
gwonoeitoar n JVM ko petd cviropfdvetar amd avtd to vipa, Onog my. otov
natnOel £va Kovunmi Tov TOVTIKIOD N éva TAKTPO TOL TANKTporoyiov. Katomv, 1o
VIO EAEYYEL Y10 TO OV TTPETEL VO, TPOMONGEL TO YEYOVOS aVTO KAl GE TOL0 GLGTATIKO
mpémel va. yivet 1 mpodOnorn. O €leyyog avtdg YiveTol HECH TOV KOKPOOUTMDVY
(listeners).

O axpoatng gival éva avtikeipevo mov Aappdvetl yeyovota amd Eva AL aVTIKEIIEVO,
T0 omoio otV mepinT®on avtn eivar To vipa tpowdnong yeyovotwv tov AWT. T
KkéBe TOmO yeyovotwV vmapyel évag Eexymplotdg axkpoatns. o mapddetypo ov
emBopovpe va cuALOUBAVOLUE TO YEYOVOTO TTOL TPOEPYOVTOL OO TO TANKTPOAGY10,
TOTE TPETEL VO, YPTCUOTOCOVLE TNV O100HVOEST KeyListener Kol 6TV TePinTmOon
nov emBVUOVUE VO, GLAAAUPAVOLLE TO YEYOVOTO TTOV TPOEPYOVIOL OO TO TOVTIKL,
TOTE TPEMEL VAL (P CLUOTOUCOVLE TNV 0100 VVOEST) MouseL istener.

[Ipénel vo onueidoovpe 61l Yoo Tov 1010 TOTO YEYOVOT®V UTOPOVV VO VIAPYOLV
TEPLGGOTEPOL TOV EVOS OKPOOTES.

Mo v koAdtepn KATOVONON TOV TOPOTAVEO TEPLYPAPOVUE TO. PUOTO TOV
Aappdvovy yopa 6tav mpaypatonoteitot Eva GVUPAEV omd T0 TANKTPOAOY1O:

1. TIpaypatomoteitol To wATNUO EVOS TANKTPOUL.

2. To Aertovpykd cLGTNUO AMOGTEAAEL TO YEYOVOG OVTO oTNV £papupoyn Java
(Java runtime).

3. H epappoyn Java otédvel 10 yeyovog oTNV OVPE OVOLOVIG YEYOVOT®OV TOL
AWT.

4. To viuo mpombnong yeyovotwv (event dispatch thread) tov AWT mpowbel To
YeYOVOG G€ OAOVG TOLG OKPOOTES LTOV TOL TVLTOV YEYOVOTOG, ONANOYT GTOVG
KeyListeners. ZuyKeKpIEVA, E100TOIOVVTAL Ol OKPOATES TOV £X0VV GLVOEDEL
LE TO OVIIKEIPUEVO TOL «mopdysl 10 ovuPdv». o mopddstypo otov
constructor g «kAdong InputManager mpocHETOLHE TOV  OKPOOTY|
TANKTPOAOYioVL G EENG:
component.addKeyListener(this);

To avtikeipevo component givot to JFrame Tng EQOPLOYNG.
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5. Ot akpoatés cLALAUPBAVOLY TO YEYOVOG KOl GUUTEPLPEPOVTAL LE TOV TPOTO

oL eMOVUETL O TPOYPOLUATIGTYG.

3.1.1 Teyvikn Yo TV GOAANYN] OA®V TOV YEYOVOT®V

Yndpyet tpdmog yioo TV GUAANYN OA®V TOV YEYOVOTOV TOV TPOYHOTOTOOVVTUL GTO
ocvotnud pag. BéPata, omv mpaypotikdmTa 0gv glval ypNoIHo Yoo Evo oy viol va
ovAhapPaver Ola to yeyovota (kdtt T€toto Ba duoyEpatve TV amdd0oT)), OAAGL etval
YPNOWO KOTd TNV @OAcT avATTLENG TOL TALXVISoD, KUPIMG Y10 OTOGOUALATOOT)
(debugging).

O Kddwog e Tov 0moio UTopoVE Vo TaPaTPOVUE OAO TO YEYOVOTA Elval 0 €ENG:

Toolkit.getDefaul tToolkit () .addAWTEventlisatener |
new AWTEventListener()!
public wvoid eventDispatched (ANTEvent ewvent)
Systen. ouk.println(ewvent)

Yo
-11:

H xhdon Toolkit elvoanr n vrepkidon O6Awv tov viomomocewv tov AWT. Apov
amoktnoovpe to €€’ opopoby Toolkit (getDefaultToolkit()), mpocsHiétovue Evav
aKpoatn yeyovotwv (AWTEventListener) o omoiog déxetor OAQ To, YEYOVOTO OV

Tpaypatorotovvral [8]:

addAWHTErentListener (LWTEventListener listener, long ewventMask)
Adds an AW TEventListener to recerve all AW TEwents dispatched system-wide that

conform to the given eventMask

O oakpoatng ovtdg viomotel pio Swwovvoeon mov meplthapPdver v péBodo
eventDispatched(), n omoia koieitan kéBe Popd mov éva yeyovog mpowbeitan 6to
AWT. H nopdpuetpog eventMask kaBopilel Tov tHmo yeyovotwv mov B Aapfavouyle.
Anpovpyeiton gpappdlovtag bitwise OR otic pdokeg yeyovotwv mov opilovtal 6to

AWTEvent.
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3.1.2 Tgyvikn Yo TV OL0YEIPLOT] TOV YEYOVOTOV TANKTPOAOYIOV

Ov epapuoyég moyvidouwv ovvibog oéxovtar kot yewpilovror yeyovoto 1oL
TPOEPYOVTOL OO TO TANKTPOADYO 1| OO TO TOVTIKL N Kol amd To 6vo pali. Xnv
EPAPLOYY oL avamtHEae XEPLLONAcTE HOVO TO YEYOVOTO TOL TPOEPYOVTAL OO TO
TANKTPOAGY0 pécm evog axkpoatn KeyListener. Ta yeyovota mov mpoépyovrol amd
TO TOVTIKL 0yvoouvTol, KoOMG Ogv €YOvHE VAOTOMGEL KATOOV 0KPOOTH TOTOV
MouseListener. O «époopag tov movtikiod ovveyilet va  vmdpyet oty
TPOYUATIKOTNTO, OALL OEV UTOPOVUE VO TOV OVTIANQOOVLE Y1OTi ONUOVPYNGALE VOV
aOPOTO KEPGOPO Y10l TOVS GKOTOVG TNG EPOUPUOYNG LLOG.
Mo v cOAMYM TV YEYOVOT®V TTOV TPOEPYOVTAL OO TO TANKTPOAOYLO YpeldleTon
Vo VAOTOMGOVUE Ta EENG:

1. No dnuovpynocovpe Evav akpoatn Tomov KeyListener.

2. No KaToy®pHCOVLE TOV OKPOOTH OCTE VO OEYETOL TO YEYOVOTO.
[Na wmv «xotoyopnon tov okpootr] mpénel vo  kaAéoovpe v puéBodo
addkeyListener() oto cvotatikd mov 0éhovpe va AapPdver ta yeyovota. Evog

EVOEIKTIKOG KOG fvar o e&ng:

public class Listener implements KeyListener

public Listener(){
private GraphicsDevice device;
GraphicsEnvironment environment =
GraphicsEnvironment.getlLocalGraphicsEnvironment();
device = environment.getDefaultScreenDevice();
JFrame window = device.getFullScreenWindow();
window. addKeyListener(this);

}

//From the KeyListener interface
public void keyTyped(KeyEvent e);
public void keyPressed(KeyEvent e);
public void keyReleased(KeyEvent e);

Ta avtikeipeva GraphicsDevice, GraphicsEnvironment kot JFrame ypetdlovral
YL VO OTOKTNGOVUE TO TapABupo NG EQOUPUOYNG KOl KATOTLY VO KOAEGOLUE TNV

uébodo addkeyListener () 6to mapabvpo avTo.
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[No v onwovpyio tov okpoatr KeyListener TPEMEL Vo OMUOVPYNCOVUE Eva
QVTIKEILEVO TOV VO VAOTOLEL TNV dlocvvdeoT KeyListener. TNV €Qopuroyy HoG TOV
pOAo avtd avorapPBaver n kKAdon InputManager. Ommg avagEPape TPONYOLUEVMG,
oTOoV constructor 1TnN¢ KAdong InputManager 7POGOETOLHE TOV  OKPOOTY|
TANKTpOoAOYiov ¢ EENG:

component.addKeylListener(this);

To avtikeipevo component givol to JFrame g epappoyns. H dachvoeon avtn €xel
tpelg pebooovs: keyPressed(), keyReleased() kot keyTyped(). H péboodog
keyPressed() «koAieitor kdéBe @opd mov matiéton €va wANKTPOo, N UEB0SOG
keyReleased() kohieitar kbdBe @opd mov ameAevBepOVETOL KATOO TANKTPO KO M
puébodog keyTyped() «xoAeiton Otav €va mANKTpo Kpotnbel motnuévo Kot
emovolopBdavetoar to yeyovdg mov otédvel avdAoyo pe Tov puOBud emavainymg
miktpov (key repeat rate). Ta yeyovdta mov cvAiéyovtor omd v keyTyped()
1éEB0S0 YPNOYLOTOLOVVTOL GE EPOPLOYEG OTMG 01 EMEEEPYACTEG KEWEVOL Kol OV ivat
amopoitnto vo ypnopomrombovv oe maryvidw. [Ma avtd tov Adyo mepropilopocte
oV xpnon tov pefddwv ylo To TATNUO Kol TNV OTEAELOEPMOT TOV KOLUTIDV
(keyPressed(), keyReleased()).

Kd&Be pio amd tic pebddovg avtéc déxetar €vo aviikeipevo tomov KeyEvent g
mopdpetpo. To oavrtikeipevo ovtd pog oivel TANPoPOpiec Yy TO 7O TANKTPO
natnOnke N erevBepdOnke, avdroya pe Tov K®OKO tov. Kdbe mAnktpo éxetr évav
SPOPETIKO «KMOKO €KoViKoy mAnkTpovy (virtual key code). O kwdkdg avtodg
opiletor amd TV YADOGGH TPOYPOUUATICHOD Java Kot 0gv avIpocSOTEVEL TOV
YOPOKTAPO TOL TANKTPoL. [ mopddetypa, o yopaktpoag ‘A’ Oapépel amd TOV
YOPOKTNPO ‘a’, 0AAL £xel TOV 1010 KMOKO E1KOVIKOD TANKTPOUL.

O1 Kool €KOVIKOV TAAKTPOV &ivor TG Hopeng VK_ akoAlovOnuévo amd tov
Yopaxtnpa N 1o Ovopo tov mANKTpov. Opilovtor otnv khdorn KeyEvent. T
mopdoelypa 0 K®wOwoc VK_ENTER avrtiotolyel oto mANKTpo enter, 0 Kwowog VK_A
avTIoTolyel 010 TANKTPO A Kot 0 K®OKOS VK_RIGHT avTiototyel 610 TANKTPO UE TO
dekl Béroc.

H epoappoyn pog avramokpivetor oto akdAovbo TAKTpa: TANKTpO spacebar, TAKTPO

escape, mANKTpo pe Oe&l PéAog ko mANKTpo pe aplotepd Péroc. Me 1o mMANKTpO
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spacebar o yapoaktpog Tnodel, pe to Peldkia Kveital aplotepd Kot 60e€1d Ko pe to
TAKTPO escape TEPUATICETOL TO TPOYPOLLLLOL.

XV eQoppoyn pag 1 onuovpyio Kot 1 Katoy®pnon Tov akpoatn KeylListener
yivetar otnv kAdomn InputManager. AmO v kOplo KAGOT NG €QPAPUOYNG MOG,
dNAadn v KAdon Game, KaAOVLE TOV constructor g InputManager, o¢ e&nc:

new InputManager(sprite, screen);

Eniong, o constructor tng KAdong InputManager ivot o €&Ng:

/**
* The constructor of the InputManager class.
* @param sprite The Player sprite.
* @param screen The ScreenManager object that has been initialized in the
* main class.
*/
public InputManager(Player sprite, ScreenManager screen) {
Component component = screen.getFullScreenWindow();
component.addKeyListener(this);
this.sprite = sprite;
this.screen = screen;

Jjump = new AudioWrapper();
// We load the *"jump® sound

try {
Jump.load(""resources/mario sounds/jump.wav'’);

} catch (Exception e) {
e.printStackTrace();
3

}

[Mopatmpodpe o611 oand v  KAdon ScreenManager (OvTikeipevo screen)
ypnowonoovpe v pébodo getFullScreenWindow(), 1 omoie HOg EMCTPEPEL TO
mopdBvupo mANpovg 006vng mov ypnowomotlel M epoppoyn poc. O KOO TG
uefooov elvat o €ENG:

/**
* Returns the window currently used in full screen mode.
* Returns null if the device is not in full screen mode.
*/
public JFrame getFullScreenWindow() {
return (JFrame)device.getFullScreenWindow();
}

Avopopikd e Tov constructor g kAGong InputManager mopatnpoVUe OTL TO TPAOTO
oplopa glval 0 YOPOKTHPOS TOL TOLYVIOOL Kot 0EVTEPO TO AVIIKEIUEVO Screen TOTOL

ScreenManager, ta 0moio YPelONOGTE Y10 TOVS GKOTOVG TNG EPOPUOYNG LLOG.
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[Na wmv «xotoyopnon tov okpootr] mpénel vo  kaAéoovpe v puéBodo
addkeyListener() oto cvototikd mov Béhovpe va AopPdver o yeyovota (otnv
TEPIMTOON LOG TO GLOTATIKO ALTO lval To mapdBvpo TANpov 006vNg). Ot VTdAoUTEG
YPOUUUES TOV KOJKA ApOpOLY TNV GOPTMOOT) TOV apyeioL NYOL «jump.wavy, T0 0noio
Y. TPOKTIKES EQOUPUOYEG POPTMOVETOL GE aVTNV TNV KAdon (Bo akovystonl pe T0

ThTNUO TOL TANKTPOL spacebar).
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KE®AAAIO 4
Teyvikéc owayeipiong 1yov oty Java

O Myog amotelel Evav amd TOLG MO GNUOVTIKOVG TOUELS OTIG EQPUPUOYES TTALYVIOUDV.
‘Eva. koo mayvidor av cuvodevetol amd To. KOTAAANAL MyNTIKA €9E Kol HOLGIKE
KOUUATIOL YiveTal oKOMO o EAKLOTIKO Kot Ol00kedaoTikd. o avtd tov Adyo o
TPOYPOUUOTIOTNG TPETEL VO EMAEYEL TPOGEYTIKA TOLG MYOVS oL Oa £xel TO TaLyvidt
OV ONOVPYEL.

H Java napéyet éva API yuo v dwaxeipion apyeiov fyov, to Aeydpevo Java Sound
APIL To API avté Bpioketon evoopatopévo oty standard éxdoor g Java (and v
1.3.x ko PETA) Kot dev yperaletor vo 10 KatePAoel 0 Tpoypappatiotg Eexmprotd [9].
H enionun 1otocelida ¢ Sun yia to Java Sound API mepilappdver 2 mwolv
OTULOVTIKOVG GUVOEGHOVG Yo TNV ekpdOnom kot ekfabuvon ota BEpata mov apopovv
TG TeYVIKES Olayeipong Myov. Ot ohvdeopor avtol eivor ot €&ng: o 0onydg
TPOYPOUUOTIOTN Y10 TOV )0 otV Java [10] ko o1 mnyég yua Tov o otnv Java [11].
To Java Sound API mapéyer vmoompiEn kot yioo tov ymorokd nyo (digital audio) ko
ywo Tov midi 0. "o avtdv T0v oKomd YwpileTor o 600 eMPEPOVS TAKETOL:

1. To mokéto javax.sound.sampled > To mokéto ovtd mepapPdvet
dwwovvoéoels (interfaces) ywo v kataypoen (capture), Tov cvvdvacud
(mixing), kot Vv avoarapoywyn (playback) tov ymoeiakov fyov.

2. To maxéto javax.sound.midi = To makéto avtd TEPIAAUPAVEL SIUGVVIEGELG
vy TV ovvbeon, v aAAnlovyia (sequencing) Kot TNV UETOPOPE YEYOVOTMOV
(event transport) yov Tomov MIDI.

v €Qappoyn mov  ovomtuéope oTo TAIG NG  OMAMUOTIKNG  €PYUCiog
YPNOOTOUWCALE TO TPMTO TOKETO TOV APOPA TOV Yneoko Nyo. To epaTNUA TOV
TPOKVTTEL TOPO €lvar 10 Ti axplPdg EVVOOVE OTOV OVOPEPOUACTE GE YNOPLOKO MYO

Ko Ti evvoovue 0tav avaeepopacte oe MIDI nyo.
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4.1 Ynorwuxog Hyog

Onwg avaeepbnrope tponyovpuévedg, 1 Java mapéyet vrootpién yo v dtayeipion
TOL YNPKoL Myov HECH Tov TokéTov javax.sound.sampled. O yneuaxog Nyog
ovopdleton Ko «detypotonmrikog - sampled» Myog [12]. Ta delypoata (samples)
AmOTEAODV OLO0YIKES KATOYPAPES TOL YNPLOKOD GNUOTOS. LTV TEPITTMOOTN HOC, TO
yneko onua givor n MynTkn  xkopatopopen. Eva pikpoeovo petatpémel To
OKOLOTIKO GNUO GTO OVAAOYO NAEKTPIKO avoAoyikd onpa kot évag (analog to digital)
LETOTPOTENS LETATPEMEL TO ALVAAOYIKO GOl GE Liol OELYUOTOANTTITIKY] YN PLOKT LOPO].

H ewcdva mov akoAovbel avomapiotd Eva Hépog Lag NYoypaenong:

O oplovtiog dEovag avamaplotd Tov Xpovo Kot o kdbetog dEovag to TAATOS TNG
Kopatopopens. To mAdTog Tov OvOAOYIKOD GNUOTOG HETPATOL TEPLOOKE pe Evav
otafepd puBud kot katoypdpovior to ostypato (ot KOkKwveg PodAeg) ot omoieg
amoteAoLV 10 Yynoewokd onfua. H axpifeia mov Ba £xel 10 ymelaxd onpa e&optdton
and tov puhud oderypatolnyiog kot v kPaviomoinomn, dnAadn TNV avAALGN TOV
mAdtoug (0 aplBuoc Tev bit TOV ¥PNGIUOTOIOVVTIOL Yo TNV AVOTOPACTOCT TOV KAOE
detyparog). ['a mapdderypa, ta povowd CD mepiéyovv Nyovg pe 44.100 detypoto avd
devtepOAenTo Kot kdBe detypa avamapiotdrol pe 16 bit.

To Java Sound API dev mepropileton oe ovykekpyéveg hardware apyltektoviKég
Nyov. Ymoompilel Tic KAaoKES Aettovpyieg, OTm¢ givor N €16000¢/£E000¢ amd v
KAPTO YOV Kol 0 GLVIVAGHOG TOAA®Y streams Myov. H gikdva mov axorovbel delyvel

pio TUTIKY APYLTEKTOVIKTY] Y10 TOV NYO:
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Onwg moapatnpodue, pio cvokevy] cav v Kapta 1Myov &xelt moAAég Ovpeg
g10600v/eE600v (input/output device) kot 0 cvuvovacudg yiveronr omd to software
(software mixer). Zvykekpyéva, to software mixer pmopei va déyetor dedopéEVO TOLV
npoépyovtal amd €va apyelo, amd to Olktvo, amd pion epappoyn kot omd Eva
synthesizer. Koatémiv, to mixer pmopei va cuvovalel OAeG TG €16000VE TOL GE pia
HOVOOIKT pon] Tov TV oTéAveL 6T0 output device kol €Tl 0 }0G PTaveL oTa NYEia M

OTOL KOVGTLKA JLOG.

4.2 'Hyog MIDI

Onwg &xovpe oM avapépet, 1 Java mapéyxet vrootpién yo v daxeipion tov MIDI
NYov pésm tov makétov javax.sound.midi. Ta MIDI dedopéva drapépovy and tov
ymoeako Myo ywti dev meprypagpovv angvbeiag tov Nyo. Ileprypdpovv ta copPavta
oL ennpedlovv Tov Nyo mov dnovpyet £va synthesizer. Ta copfavta avtd propovv
va BempnBovv g To TANKTPA EVOS LLOVGIKOD TANKTPOAOYiOVL (To omoio pmopel va £xet
TPOYUATIKY QLGIKY VTOGTaoT (synthesizer) 1] va eEopoldveTal HEG® TOV KATAAANAOVL
software) kou amoOnkedovion oe apyeio Tomwov MIDI. To mpoypappa mov pmopet va
enefepydleTon avTa oL apyeia AEyeTon sequencer.

H ewova mov axolovbel avamapiotd 11 facikés oYECELG TOL VILAPYOVY UETAED TMV

Bacikdv cvotatikdv otoyeimv poag MIDI apyttextovikng, cOpeova pe 1o Java

Sound API [13]:
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Ta BéAn delyvouv v pon TtV dedopévov petaéd Tov cvotatik®v. Ta dedopéva
umopovv va givar 3 tomwv: audio, raw MIDI kot time-stamped MIDI events (6mwg
eoivetal and to odypappo kot o0egid). Kabe tomoc eppaviletor pe SopopeTiko
cuopporiopd oto Odypappo, Omwg Oeiyvel Kol O OVIIGTOWOC TIVOKOG 7OV
Tithogopeitan “Key”.

[Mapammpovtag v mopomdve ekdéva PAEmovpe OTL aplotepd  ametkoviletor o
okAnpog diokog (disk). Ztov dioko avtd vrdpyovv amobnkevpéva MIDI apyeia. Ta
apyelo avTd TEPEYOLY KOoppdTie, To omoia glvarl otV ovoia pio cepd omd time-
stamped MIDI cupupdvra (0nwg m.y. voteg). Ta apyxeia MIDI Aappdvovtor and tov
sequencer, 0 0moi0g Ta OMOGTEAAEL GE AAAN GLGKELN, OGS T.). £VOL ECMOTEPIKO 1 Eval
eEotepikd synthesizer. To synthesizer owPdler soundbank apyeion (to omoia
TEPEXOVY 0dMNYiEg Yo TNV €EOUOIMOT TOV NYWOV CLYKEKPIUEVOV HOVGIKOV 0pYavOV)
N oAMog avaroapdyst Tig voteg tov MIDI apyeiov ypnolHomoldVING To HLOVGIKY
opyava ov PBpickovion NOM amodnkevuéva o avTo.

[Mapampodpue eniong 6Tt Too MIDI cuufdvto mpénel va petatparovyv oe raw MIDI
TPoToy amooToAoVV omd v €£0do0 tov MIDI (MIDI out port) oto e&mtepikd
synthesizer. Katomw, to e£mtepikd synthesizer petatpénet to dedopéva raw MIDI og

popoen audio kot e AVTOV TOV TPOTO PTAVEL O YOG GTA NXELQ HOG.
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Téhog, ta raw MIDI dedopéva mov mpoépyovrar amod pio eEmtepkn mnyn MIDI (otnv
EIKOVOL LG MG eEMTEPIKN TNYN Voeitan 10 eEmTEPKO synthesizer) LETATPEMOVTIOL OE
time-stamped MIDI cvufdvta, to omoior amoctédAovtal oto synthesizer 1 otov

sequencer Yo, LETENELTA, XPNON.

4.3 Teyvikég 710 S eipLon YneLoKov 10V

4.3.1 Awayeiprion yneuokov [yov pe N YOPIS TEPLOYN EVOLAUESS UVIIUNG
(buffer)

To Java Sound API pmopel va petapépet Tov 1o e d0o dapopeTikovg TpoTovg [14]:
1. Xpnowomoidvtag pony — streaming pe v Pondewo evog buffer (mpocwmpivi
evoldpeon pvnun)
2. AmoBnkevovtag oAOKANPO TO apyelo YoV otV Pvhun, xwpig buffer.

H pon — stream tov Myov &ivar éva ovvexéc ovvoro omd bytes (ta omoia
AVaTOPIGTOVV 1)X0), TOV TAVOLV GTNV EQUPLOYN LE TOV PLOUO TTOV amotTeiTton Yo va
yivel cmotd M dwxeiplon tovg, OTMG T.y. M avarapoywyn. Me avtdv Tov TpoOTO 1
AVOTOPOY®YY] TOLG UTOPEL vaL Yivel Tpotolh pTacovy OAa Ta bytes mov meptypdpouvv To
povowkod koppdti. H ypnowomoinon tov streaming £xel oG TAEOVEKTNUO TNV
KoADTEPN Olayeipion TG UVAUNG TOV GLOTHUATOG, YTl dev givol amapoaitnto va
amofnkevtel OAOKANPO TO HOLGIKO KOUUATL 6TV UvhAun (to omoio umopel va eival
OPKETA PEYAAO ©E amoOnkevTiKd Ydpo). Avti yi avtd, ta bytes TOv HOLGIKOV
KOUHOTIoV KotagBdvouv oe koppdtio (chunks) kot m epappoyn avoamapoydyst to
kd0e xoppdtt (chunk) v KatdAAnAn ypovikn otiypr]. To pelovéktnua g pebddov
Tov streaming givai 4Tt €ivail TOAVTAOKT) 6TV LAOTTOINOT).

O debtepog TpOTOC HETOPOPAS ToL Mxov amd to Java Sound API eivon n amoBnKevon
OAOKAN POV TOL KOUUOTIOV GTNV UVAUN. AVTO GLVIGTATOL GTNV TEPITTMOON TOL TA
povoikd apyeio etvor pikpd o péyebog, omdte N oMo KELGT TOVG GTNV PUVNUN dgv Ba
dvoyepaivel v amdd0on NG £PAPUOYNS. Me avtdv Tov TpOTO, TO LOLGIKA apyeia

eopt®vovtol amd mpwv otnv uvnun (preloaded) kol n avoamapoymyn TOVG HUTopet va
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yiver avd mdoa otrypr|. To mAeovéknuo avthg g peboddov eivar 6t | avamopaywyn
UTOPEl Vo EEKIVIOEL QUECMG, T.Y. ME TO TATNUO EVOG KOVUTLOV. XTNV TEPIMTOOT TOL
NYoL Ue TNV ypnolwonoinon streaming, o Myog Oev pmopel va Eekivnost v
avamopoymyn, mapd uoévo eav €xel €pbet ohdkAnpo 10 mpwto chunk. Emiong, m
puéBodoc avt KaboTd Mo €OKOAN TNV cuvveyn ovomopaywyn — looping &vog
KOUULOTION Kol Elvat TOAD amAr] oty vAoToinon.

2y epopuoyn Tov  avomTtuEope ot TAMIGIOL NG  OMAMUOTIKNG  €PYAciag,
akolovOfoaue v 2" puéhodo, emedn ta apyeio Nxov eival pikpd oe amodnkevTiKd

Y®po, yperalovior cuveyn avamopaymyn (looping) kot n vAomoinon gival o omAy.

4.3.2 Ta faocwka cvoTaTiKd Yo drayeipion Nyov pe Ty Java

Mo v avamopoayoyn q v eyypaen nxov pe to Java Sound API ypeidlovronr ta
egng:

1. Awpopoopéva dedopéva yov — formatted audio data

2. 'Evog pixtng — mixer

3. Mia ypopun — line

AxolovBel n meprypapn] Tovg Yo va Yivouv mepIocdTEPO KATOVONTA.

4.3.3 Awopop@opéve 0gdopéva N0V

Otav avapepOLacTe 6 SLUOPPOUEVE dEGOUEVE NXOL EVVOOVLLE Ta apyeia X0V Tov
&xovv pio cvykekpipévn popen. To Java Sound API kdvet évav daympiopnd o data

formats (tOmovg dedopévmv) kar file formats (tdmovg apyeimv).

4.3.4 TYmor 0gd0puéveV

Ot tomot dedopévav 0pilovy ToV TPOTO LE TOV OO0 TPEMEL VO KUETAPPOUGTOVVY TOL
bytes mov meptypdaeovv évav (raw data) ynorakd nyo, énwg sivor m.y. to detypoto —

samples mov £yovv NON Poptwhel and Eva apyeio Myov. Xpetdleton vo yvopilovpe
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.y amo noéca bit avorapictatar To ke deiypa k.0.x. Kdbe popd mov yperaletar vo
Kévovue avamapaywyn evog apyeiov, mpémel va dOnimvovue kol to data format (tomo
dedopévmv) Tov apyeiov.
Y10 Java Sound API, o tOmog dedopévev avarmaptotdral amd £vo avTIKEILEVO TOTOV
AudioFormat, to omoio mepi€yet Tig axdlovbeg 1010t TES:

o  Teyvum kwdwonoinong, mapdoetypo PCM

o  Ap1Buo xkoavalodv (1 yo povopmviko, 2 yio 6TEPEOPMVIKO, K.0.K.)

o  PuOuog osetypatoinyiog (apBpoc tov detypdtov avd devtepOAenTo, ava

KOVOAL)

o  Ap1Buog Tov bit avd detypa (Yo KOs KavaAt)

e PuOuog napabvpwv (frame rate)

e  Mzéyebog mapabvpov (frame) oe bytes

e Awdtaén tov byte (big-endian or little-endian)

To Java Sound API vmootpiler 2 PCM K®OIKOTOMGES TOL YPNGLULOTOLOVV
ypopkn kPavromoinon tov mAdTovg kot TWES okepaiov. To mapdBvpo (frame)
mepAapPavel ta dedopéva Yo OA To KavAAlo o€ piol CLYKEKPUUEVT] XPOVIKT GTUYLY.
Av n kodwonoinon eivar 1 PCM, 101¢ 100 mapdbvpa meptypdpovv to GOVOLO T®V
samples OA®V TV KavoAdV avd kdbe otiypn.

Av 1 K®dtkonoinon gival SlopopeTikov TOTTOL, TOTE T frames pmopovv va TEPLEYOVY
Kol GAAEG TANpoopieg mEpa amd Ta samples kot o pvOudc Tv frames pmopei va
Swpépel amd tov pulud derypotoinyiog. IMoapddetypo omotelel 1 kwotkomoinom
MPEG-1 Audio Layer 3 (1o yvwotd apyeia nyov Mp3), n omoio. dustuX®dG deVv
vroompiletoar amd v TpéYovca £kdoon tov Java Sound APl (6mwg dev

vrootnpifoviot o1 €Ng Kwdikomomoelg A-law, p-law, ADPCM, ogg vorbis) [15].

4.3.5 Tomor apyeimv

O tdmoc apyelov (file format) meprypdper v doun evog apyeiov Myov. Yrdpyovv
Kdmolot Tvmomompévor — standard tomOl apyeiv Mxov, OTMG Yo TAPASEIYUO TOL

WAVE apyeio (pe eméktaon WAV 7mov 10 GUVOVIAUE GTOVS TPOCMOTIKOVS
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vroroylotéc), ta AIFF apyeia (ta cuvavtdpe oe vroloyiotég Macintosh) kot ta AU
apyeia (to cvvavtape og vroAoylotéc pe UNIX). Kdbe thmog apyeiov nyov dtapépet
omv ooun. [a mapddetypa, pumopel vo S0QEPeEL 1 «KEPOAT» TOVL apyeiov, N omoia
TapEXEL TANPOPOPIES Y10 TOV TOTO JEQOUEVOV (TTOV OVOPEPALE TPOTYOVUEVMG) TOV
elval amoBnkevpéva oto apyeio. [Ipénel va onueldcoOLIE OTL OTOLOGONTOTE TUTOG
apyeiov umopel va mepLEyetl SLoPOoPETIKOVS THTOVS OESOUEV®V, GAAE 0VTO VAOTOLEITOL
ondvia.
1o Java Sound API, o tdmog apyelov avamoplotdtol amd £V OVTIKEILEVO TOTOL
AudioFileFormat, to omoio mepiéyet Ta €€Ng:

e O tOmog tov apyeiov (WAV, AIFF «kt).)

e To péyebog tov apyeiov oe bytes.

e To péyebog (oe frames) TV dedouEvv TOV AVATOPIGTOVV TOV N)YO GTO

apyelo
¢ 'Eva avtikeipevo thmov AudioFormat mov opilet tov tomo dedopévov (data

format) mov £yovv ta dedouéva mov Bpiokovtal oo apyeio

H xhdon AudioSystem mapéyel peBOS0VG TOV EMTPETOVY TNV AVAYVEOGT KOl EYYPOON
NY®V o€ SOPOPETIKOVS THTOVS APYEIV KOL TNV UETOTPOTN TOV TOTMOV 0EO0UEVOV.
Mepkég and 11 HeB0d0VE oG EMTPETOVY Vo S1oPAcovUE T dEOOUEVA EVOG apyEiOv
pécm pag pong tomov AudiolnputStream. H kAdon AudiolnputStream givor pia
vrokAGon NG InputStream kot map€xel MV emmpoOcHern  dvvaTdTMTA NG
avayvopiong  Tov  tomov  dedopévov  (data  format) tov  apyeiov  1yov.
Xpnowonowwvtag v AudiolnputStream UTOPOVUE KOU OOKTOVUE  (ECT
npodcPacn ota samples, yopig va ypeldletat vo avnoLyoVUE Yo TNV dour Tov apyeiov

(TV «Ke@aA» TOL KTA).

4.3.6 Miktng - mixer

[ToAL& APIs ypnoiponotodv tov 0po “audio device” — cuoKELT] MOV, EVVODVTOS TO
AOYIGHIKO IOV EAEYYEL TNV TMPAYUATIKY] GLOKELT] NYOL (ONA. TV Kapta MYOv). XT0

Java Sound API o1 cvokevég dayepilovror and avtikeipeva Tomov Mixer. O okomdg
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Tov pixtn givon n dwoyeipiomn evog N meplocoTéPmV streams otnv €i60do N oty €£000
Tov Nyov. H ovvnbéotepn mepintmon, o HKTNG EVOVEL TIG POEG TOV TNYOiVOLY TNV
¢€000 og pia Kot LovadiKT por).

Mo v axpifela, oto Java Sound API ov cvokevég dnwg my. T0 KPOP®OVO OV
Bewpovvron peikteg, aAAd OOpeG - ports eviog 1 €kTOG Tov piktn. O pikng pmopel va
&xel mMoOAAEG B0peg €16000V — ££000V, Yo TOPAOELY O LITOPOVUE VO BEWPTCOVE TNV
¢€000 Y10 0KOVOTIKAE, VO ECMTEPIKO LEYAPMOVO KTA.

H swdva mov axorovbei deiyverl pio uoikn cvokeun peiéng kot Oa pog fondnost va

KataAdPovpe koAvTEPO TNV AgtTOLPYiO TOL piKTY).

Feverberation
Unit

MMaster
Inputs Steren
‘L * ‘L ‘L Cutput
Input Level ("] ] ] ']
[} . [} 3 Level Meters
Equalization
[high, mid, low] ¢ o L ¢
] - '] ']
Feverb Send [, | ] L ] . ]
Pan - ] "] [~ | - ]
Fewverb Fehun
Gain Sliders Master Gain

¥10 mhve pépPog g ewovag PAémovpe Tig BVpeg €16000V TOL iKTN, N KAOE pio amd
TIC omoieg mepvdh oty avtictoyn eéta katakopvea. Kabe péta £yl kdmoleg emAoyég
Yl ToV Y0, OTm¢ m.y. equalizer, avtynon (reverb) kot £va TOTEVOIOUETPO TOL 0pilEl
170 OGO Omd TO CNUA TOL damePvA oty TV EETa B katevBuvlel otV povada
avtnynong (reverberation unit). To oamotéhecpo OAmv T®V BupdV €16660L KOl TIG
HOVAdAG avTI XN ONG TTNYaivel oty Kevepikn ££000 (master stereo output).

>10 Java Sound API, évag pikmng pmopel va ypnotpomomBei ko yioo €icodo

(Myoypdoenon) kot v £€£080 (avomapaymyn). TNV TEPITTO®ON TG NYOYPAPNoNS, O
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piktng Aoppdvel To onjpa and tig OVpPeC 16000V Kt PETA TNV UEIEN TO ATOGTEAAEL GE
éva buffer 1o omoio AapPaver n epappoyn. v TEPITTOON TNG AVATOPAYOYNGS, OTIC
BVpec €16000V TOL piKTN EpyovTar avtikeipeva pe dedopéva NYov Kot PeTd TV peién

amooTEAAOVTAL atd TNV ££000 GTNV EQOPLOYT.

4.3.7 I'pappn — Line

H ypapun umopel va Bewpnbei g évag coAnvog amd Tov 0moio €10EPYETOL KO
e€épyetar 0 YNoEuwKog Nxog omd 10 GUCTNUO. XVYKEKPWEVA, 1 YPOUUn &ivar éva
LLOVOTIATL TOV GLVOEETOL LLE TOV LUKTN KO LETOPEPEL TOL OEOOUEVO EVTOG 1| EKTOC TOVL.
[Ma mapddetypa, ot B0peg 16660V Kot €£0d0V TOL PiKTN €Vl YPOLUES.

4.3.8 I'pappég og o1dToén Yo ££000 TOV YNOLEKOD 1)}0V

To dubypappa mov axolovbel delyver dopopeTikods THTOVS YPAUU®V € pio amAn

dttaén yio £€060 YneroKov Nyov copewva pe to Java Sound API:

| Clip Miwer
—®™ SowceDataline g L
— ™ SpwceDataline | Reverb || Crain || Pan |

2NV TOpamive KOV PAETOVUE TMG TNV €G0S0 TOV HUKTN LIAPYEL £VOL OVTIKEILEVO
Clip kot 000 avtikeipeva SourceDatalLine. To avtikeipevo Clip givon pio popen
YPOUUNG TTOV UTOPEL Vo PMEL GTNV €16000 TOL UIKTN Kot PTOpel Vo QOPTMOCEL TO
dedopéva, Tov NYoL TPV TNV avarapoywyn tove. Ta aviikeipeva SourceDataline
etvat ypappéc mov emiong Lmopovv va Umovv oty €i60d0 Tov piktn Kot vrootnpilovv
10 streaming tov dedopévov Nyov. Ta Clip avtikeipeva ovtiotoryodv otny 2" uébodo
OV ElYOUE OVOQEPEL OTO VLTOKEPAAOLO «Oloyeiplon ynoakoh MYov pe M YoPig
TEPLOYN EVOLALEOTG LVIUNG» Kot Tat SourceDatal ine avtikeijeva aviiotoyobv otnv
1" uéb0do. Ztnv £Qopuoyf OV AVOTTOEAUE 6TA TAIGLO TG STAMUOTIKAG EPYUGTIOC

ypnooroovue avtikeipevo Clip.
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O pikmng AapPaver Ta dedopéva amd TIC YPaRpES, kabe po amd T omoieg pmopel va
&xel TIg OkéG TIg pubuicelc oe avinynomn, evioyvon KTA katl otnv Bvupa e£ddov Pyalet
10 amotéleopa g wiEnc. To tehkd omotéhespo mov eivor pio povadikny pom
Katevbovetar oe BOpeg €EO600V, Omwg elvar Ta Myeion TOL GLOTNUATOG KOU TOL

OKOVOTIKA.

4.3.9 I'pappég og 61aTOosN Yo €i6000 TOL YNOLAKOD YOV

To dubypappa mov axolovbel delyver dopopeTikods THTOVS YPAUUDV GE pio amAn

dtdTaén yio €ilcodo Yynerokov Nyov cupewva e to Java Sound API:
il

[Mapampovrog v eodva PAETovLE OTL aplotepd givar 1) €l60d0¢ TV dedopEvav, To

*— TagetDataLine Mixer

Gam | Pan

omoio pmwopel va Tpoépyovtal amd £va uKkpOP®vo 1 omd v line-in Bvpa g KapTOC
nyov. Ta dedopéva omv ocvvéxelon mnyoivovv otov pUikTn, 0 omoiog GTEAVEL TO
amOTéEAECUO. TNG WENG oV €QOPUOYN HECH NG YPOUUNG TargetDatalLine. H
TargetDataLine givat £vo avTikeipevo mov mepiéyet v €€060 tov pikmn. O piktng
mov amekovileton mopamdve €yer povo pion TargetDataline, oAld mpémelr vo
ONUEIDGOVHE OTL €vag PIKTNG pmopel va €xel TOAAEG TargetDataline GTIC Omoieg

nnyaivouv ta dedopéva TonTO POV

4.3.10 H dwovvoeon Line kot n wepapyio g

AVOQOopIKd LE TNV TPOYPAULUATICTIKT] TAELPE TOV TOPATAV®, TPETEL VO GTLEUDCOVE

10 YeYOVOG OTL 1 doovvdeon Line €xel v €€Ng tepapyio:
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Line
| |
Port Mlixer DatalLine
| |
SourceDataline TargetDataline Clp

H Paocikn dwacOvoeon (interface) Line €xel ta Pactkd yopaKTnploTikd mov ivol
KOWA 6€ OAOVG TOVS TOTOVG YPOUUUDV:

e PvOuiceic — controls: Ot ypaupésg €govv éva ocbvoro puvbuicemv mov
emnpedler to onuo koBdg avtd OEpyxetonr amd avtéc. Ilapdoderypa
amotelovV 1 avtnynon (reverb) kot n evioyvon (gain).

e Avoyt kol kAelomy katdotacn — open or closed status: H avouyt)
KOTAGTOOT UI0C YPOUUNG DTOONAMVEL OTL OAOL 01 aTapaiTTOl TOPOL EYOVV
deopevtel yuo v ypopuun. H kielot) Katdotoon vwodnimvel 0Tt ot Topot
TOV YPNOLUOTOLOVGE 1) YPOLUY £Y0VV TAEOV EAeVOEPMOEL.

e XuuPdvra — events: Kabe ypopun onpovpyel coppdvra détav avoiyst 1
KAeivel. Ot vokAdoelg g Line onuovpyodv copfdvta kot e GAAEG
nepumtooelc. Otav pia ypoppun dnuovpyet éva copuPdv, to coppdv ovtod
OMOCTEALETOL GE OAOL TO. OVTIKEIHEVOL TOL €YOLV OPLOTEL MG OKPOOTEG

(listeners) ywo Ta yeyovOTA TG GUYKEKPIUEVNG YPOLLLUNG.

AxolovBel chvtoun meptypapn yia Tig VITOKAAGELS TG dlachvoeong Line:

e Ports 2 Ta Ports givar aniég ypoupés yio gicodo i €€odo Myov oe
ovokevég Myov. Ta Myelo, TO PIKPOP®OVO KOl TO. OKOLGTIKG OTOTEAOVV
avtwkeipeva tomov Port.

e Mixer 2 To avtikeipeva tOmov Mixer ovamopletovv Tov piktn. H
duovvdeon Mixer mopéyer peboddovg pe TIC omoieg pmopovue v
OVOKTI|GOVUE TIG YPOUUES TOV pikTn. Ot YpOoUUES aVTEG UITOpOovV Vo, Elval

otV €l6000 1 otV ££000 TOL UiKTN.
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e DataLine > H OJdwacvvdeon DataLine 7pocbéter  emimhéov
AELITOVPYIKOTNTES AVAPOPIKA [E TNV dlacvvdeon Line. Ot kuplotepeg givat
ot €€Ng:

= Aopdpeoon nyov: kdébBe DataLine &xel Mo CLYKEKPLUEVN
SpUOpe®oT, MYoL  avaQoplKa  pe  Ta  Ogdopéva OV
amodE ETAL/OTELVEL.

=  Exxivnon, TepUOTIONOC, TOOOT KOl EMOVEKKIVNOT NG
aVOTOPaY®YNG N EYYPAGNS TOL NYOVL.

=  Evepyn xotdotoon: pio DataLine givol evepyn av GUUUETEYEL TNV
TPEYOLGA GTIYLUTN EVEPYA GE AVATOPAYWOYN 1) EYYPOPT| NYOVL.

= YouPavrto exkivnong kot tepuaTicpov (START and STOP events):
T, YEYOVOTA OLTA OMpuovpyovvion avdAoya pe To av 1 Dataline
Bpioketon o€ evepyn Katdotaon 1 OxL.

e SourceDatalLine = H diwachvdeon SourceDataline AapuPdvel dedopéva
nov poketal va avorapayBovv. [oapéyel pebddovg o1 omoieg petapépovv
Ta. dedopéva oto buffer tng SourceDataL ine yio va avamopoyOovv.

e TargetDatalLine =2 H dwachvdeon TargetDataline AapuPdvel dedopéva
amd Evav pikm. ovnbwg, o pikng umopet va £xet AaPet dedopéva amd Eva
Port 6m®g T0 UIKPOP®MVO Kol PETA TNV MEN AmOGTEALEL TO TEAIKO OTua
o710 buffer tov TargetDataL ine.

e Clip =2 H dwovvdeon Clip givol pio ypapun oty omoio uropodv va
QopT®OOVLY OAOKAN PO T HESOUEVO YOV TPV TV OVOTOPAY®OYT TOVS. ATO
TNV OTLYUN 7OV TO OEGOUEVE POPTMOVOVTAL TPV TNV OVOTAPUYMYY] TOVGS, N
duapkeln Tov clip etvar yvowotn omd v apyn, OTOTE O TPOYPOUUUOTICTNG
Exel TV ouvatdTNTA Vo EEKIVIIGEL TNV OVOTOPAY®YY Ond OTO00NTOTE
onueio tov clip. Ta Clip avtikeipevo ivar €0KoAo vo ETavaekkiviifovv

(loop) omolodnmote apOUd POPDOV.

4.4 IIpoypoppatioTiKES TEYVIKES drayeipiong Nyov oty Java
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4.4.1 H xhdon AudioSystem

H «\éon AudioSystem mapéyet £va 6Ovoro amd pHeBdd0vG, e TIG 0moieg UTOPOVLLE VL
amokToovpe mPOSPacn GTOVE TOPOLS (resources) MOV OPOPOLV TOV MYO Kot
Bpiokovtor eykatestnuévol 610 O1ko pog cvotnuo [16]. Mo mapdderypa, pmwopovpe
vo paBovpe av vapyel €vog piktng (mixer), o omoiog £yel pia cuykekpluévn pvduon
KOl KOTOTLV VO, ATOKT|GOVUE YPOUUES OO TOV PIKTY KTA.

2VYKEKPEVO, 01 TOPOL GTOVG OO0V UTOPOVLLE VO OTOKTI|IGOVUE TPOSPacT amd TV
KAdom AudioSystem gival ot €€1¢:

e Miktec 2 Mropovpe va TAnpo@opnfovpe Yo OAOVG TOVG UIKTES TOV Eival
EYKOTESTNUEVOL GTO GUOTNUE pHog. XuviBmg LIdpyel TOVAAYIGTOV £VOg
pikTng v 6000 Myov Ko Evag Yo 16000 Nyov.

o Ipappéc = IMapdéro mov kabe ypapun ovoyetifetor pe €vav pikn,
UTOPOVUE VO OMOKTAGOVUE Mo ypopp] katevbelov amd tnv khdon
AudioSystem, yopig va acyoAnBodue cuyKekpipéva pe Kdmolov uik.

e Metatponég TOmMOL apyeiwv Myov > MTOopPOVUE VO, UETATPEYOVUE T
dedopéva YoV amd Tov £va, TVTO GE KATO10V AALO.

o Apyeia kot poég = Mmopolue vo. XEPLGTOOUE apyEio. YOV Kol POEC TOL

apopovV dedouéva MoV, eite yia £i6000 gite yia ££0d0.

4.4.2 Avtikeipeva TApoeopLov

Ta avtikeipeva mAnpoeopidv (information objects) pag divovv mAnpogopieg yia
Kdmolo cvykekpyévo avtikeipevo. o mapdostypo to avrikeipevo Mixer. Info pog
dtver mAnpoeopieg yia tov pikmn mov eivol £ykaTeSTNUEVOS, TANPOPOPIES OTMOC O
KOTOOKELOOTNG, TO OVOHO TOL WiKTN, M Teprypaen kot 1 ékdoon. To aviikeipevo

Line. Info pog divel mAnpoeopieg yio pior CLYKEKPYEVT YPOLUT K.0.K.

4.4.3 Teyvikn oopgovo. pe 1o Java Sound API yra TV otdkTnon evog
pikTn
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[Ipotod amoxtioovue mpdsPacn o évav piktn, mpénel va TAnpopopnbole molot
pixteg etvar eykataotnuévol 6to cvotnua. Avtd yivetor péow g pebooov static
Mixer.Info[] getMixerInfo() ¢ kAdong AudioSystem. Amd tO OaVTIKEINEVO
TANPOPOPLAOV TOPOTNPOVLE TOV UIKTN TOV OGS EVOLOPEPEL KO TOV OMTOKTOVUE UE TNV

BonBela g pebddov static Mixer getMixer(Mixer.Info info).

4.4.4 Teyvikn oopgovo. pe 1o Java Sound API yrwa TV andkTnon ypopung

Yndpyovv d00 TPOTOL Y10l VO ATOKTGOVLLE LLL0L YPOLLLUN:
1. Koatevbeiov amd v kAdomn AudioSystem

2. Amo évav Pkt mov £Y0VLE NN ATOKTNOEL LECH TNG KAAoNG AudioSystem

4.4.4.1 Anéxtnon ypappns karevleiav and Ty kidon AudioSystem

‘Eotw o011 0élovpe vo omokticovue po ypouun kotevbBeiov omd v KAdom
AudioSystem, yopig vo HoG EVOLAPEPOVY Ol AETTOUEPELIES TOV HUKTY. XE LTV TNV
nepintwon ypnoyonotovpe v pébodo static Line getLine(Line.Info info).
To avikeipevo Line.Info eivar pio aenpnuévn kAdomn, omdte pUmopolOUE Vo
YPNOLOTOUCOVUE pio amd TS vToKatnyopieg Tov (Port. Info / DataLine. Info) yia
VO, OTOKTI|GOVLE L0, YPOLLLLLT).

O xddwog mov akoiovfel ypnowyomolel v vmokAdomn DataLine.Info yio va

ATOKTNOEL Kot Vo avoi&et pio TargetDatal ine:

TargetDatalLine line;

DataLine.Info info = new DatalLine.Info(TargetDatalLine.class,
format); // format is an AudioFormat object

if (JAudioSystem. isLineSupported(info)) {
// Handle the error.

// Obtain and open the line.
try {
line = (TargetDatalLine) AudioSystem.getLine(info);
line.open(format);
} catch (LineUnavailableException ex) {
// Handle the error.
//. ..
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Me tov mopamdve Kodiko amoktoOue pio TargetDataline yopig va ypeloctel va
opicovpe dAleg WOOTTEG, MEPA Omd TV KAGGN Kot To AudioFormat. Mrmopovue va
YPNOUYLOTOUCOVUE OVAAOYO KMOTKO Y10, VO AITOKT|GOVUE YPUUUES GALOVL TOTTOV, OGS
Y. Yo TIG YpappéG SourceDatal ine kat Clip.

2NV EQOUPUOYY] TOL OVOTTOEAUE O KOOWKOG Y0 TNV OOKTNGN TNG YPOUUNG TUTOV
Clip etvat o e&nc:

this.info = new Dataline.Info(Clip.class, this.auwdioFormat, =ize):

Kot

clip = (Clip)audioSystew.getline(info);

O mopamdved Koowog Ppiloketon o Sweopetikég peBdoovg oty KAdon

AudioWrapper tng EpopUOYNG LOG.

4.4.4.2 Andoxtnon ypoppg oo £vav piktn

Mo va amokticovpe pio ypopuun omd évov Py tov omoio £Y0ovpe NN OTOKTNOEL
and mpv pe v Ponbelo ™ KAGong AudioSystem, YPNGLOTOIOVUE TIG EENG
nebddovG:

e Line.Info[] getSourceLinelnfo()

e Line.Info[] getTargetLinelnfo()

Avtéc o1 pébodol emoTpépovv mivakeg ol omoiol mEPLEYOLV OAN TO OVTIKEILEVA
TANPOPOPLOV Y10, TS YPOUUES (Line. Info) TOL LIAPYOVY GTOV GUYKEKPIUEVO UIKT).
Ao TV GTIYUN TOV OOKTGOVUE TOV Tivaka, UmopoVue vo kKaAéoovpe TV HEB0do
getLine() TOL WIKIN YO TNV OTOKTNON MOG GLYKEKPEVNG Ypouuns. 'Emetta,

UTOPOVUE Va. avoiEovpE TV YPOUUN, KaAmvtog tnv uébodo open() g kKAdong Line.

4.4.5 Teyvikn odppova pe 1o Java Sound API ywa tnv dwyeipion tov Clip

Onwg avaepépope mponyovpévas, to Clip aviikeipeva goptdvovtol oAOKANpO GTNV

LU Tpwv EEKWVAOEL M avamapoywyn Tovg (o€ avtifeon pe TS YPOUUES TOTOV
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SourceDatal ine). Ta TAEOVEKTHLOTO KO TO, LELOVEKTILLOTOL TG (PNCUYLOTOINONG TMV
Clip T0 avaPEPOLE GE TPONYOVUEVO KEPAAOLO.

YOoppwva pe 1o Java Sound API, apov amokticovue mpdcsPacn oe éva Clip dmmg
TEPLYPAPNKE  TPONYOLUEVAOS  (omdKTNON  YPOUUNS kotevbeiov amd tnv  KAdoM
AudioSystem) pmopobpe va EEKvicovpe TV avomapoywyn tov og eéng: Ilpodta
KaAovpe v péBodo open() tov Clip, m omoia &xer v &&ng popon: void
open(AudiolnputStream stream) kol void open(AudioFormat format, byte[]
data, int offset,int bufferSize). Avagopwkd pe v devtepn pébodo, To
bufferSize opilel 10 p€yebog Tov byte[] data 1o omoio Oa poptwOel TpoypoTIKA
oto Clip.

Metd v KAnon mg pnebdoov open), UITOPOVUE Vo EEKIVIIGOVLE TNV OVOTOPAY®OYT
tov Clip kolovtoag amhd v pébodo start() [17]. H avamoapaywyn umopel va
oTopaTnoEl KoAmvtog v pébodo stop() kol va cuveyicel amd 1O onueio mOL

oTapdtnoe, pe 1o kdleopo g pebodov start() Eavd.

4.4.6 Teyvikn odppova pe 1o Java Sound API ywa Tnv dwayeipion Tov
SourceDataLine

o va oavoifovpe v ypapun SourceDatalLine Kot vo OgOUEVCOVUE TOVLG
AmOPOiTNTOVG TOPOVG, XPNOYLOTOOVHE TNV HEBOOO open mov KAnpovoueitoal omd v
DataLine: void open(AudioFormat format) «kat void open(AudioFormat
format, int bufferSize). Mg v degbtepn pébodo €yovpe v dvuvotdTTA Vo
opicovpe to péyebog tov buffer.

Ao v otiypn mov €yovpe avoifel v SourceDatal ine, UmopoULE VO EEKIVIIGOVLLE
TNV OVOTOPOY®Y] TOV NYOoL KoADVToS Tnv HéBodo start() Kot ypAeOvVIoG To
dedopéva e v cmotn ogpd oto buffer g ypapuuns. H pébodog start() Eexwva
™V ovomapay®yn omd v otypn mov £xel yepioel to buffer pe oedopéva. ' v

gyypapn Tov dedopévev oto buffer ypnoyonolovpe v uébodo:
int write(byte[] b, int offset, int length)
H pébodog avt avalapfdaver Tov cuyypoviood Tmv 0£d0UEVOV Kol OTOALICCEL TOV

¥PNOTN amd €vvoleg OmmG gtval o ypoviopos. O kddkag mov akolovbel delyvel Tov
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TPOTO LLE TOV OTTOI0 UTOPOVUE VO YPAPOLLE GUVEXOUEVA KOUpATI dedopévmy (chunk
of data) and 1o stream oto buffer.

// read chunks from a stream and write them to a source data line
line.start();
while (total < totalToRead && !stopped)}

numBytesRead = stream.read(myData, 0, numBytesToRead);

if (humBytesRead == -1) break;

total += numBytesRead;

line.write(myData, 0, numBytesRead);

210V mopomdve KoOowKa To numBytesRead delyvel Ta bytes mov dafdotnkay amd To

buffer.

4.4.7 Teyvikég mov akoAov0Onkav oty epappoyn

XV €QUPUOYN TOL OVOTTOEOUE OTa TAQICIO TNG OWMAMUATIKNG €pyaciag, 1
dwxeipton Tov Myov yiveronr péow g kAdong AudioWrapper. H «hdon avt
nmepriapPdavel peBOdoLE YO0 TV POPTMOT), AVATOPAY®YN KOl TEPLATICUO TOV OpyEi@V
Nyov. Awyepileton avtikeipevo Tomov Clip Kot 0V ¥pNGIUOTTOLEL TEYVIKY streaming.
EniléEope avtdév tov TpOTO Y10Tl OO OVOPEPALE TPONYOLUEVMG TO OPYELR X0V
etvat pkpd o€ amodnkevtikd ympo, yperdlovral cvveyn avamapoywyn (looping) kot

vAomoinon gival mo amAn.

4.4.7.1 Teyvikn 710 QOPTMOON KOl AVOTAPAYOYY] pyEL®V )0V

2V €QUPUOYN HOGS O KMOKAS Yol TNV QOPTMOOT TOV apyeimv Nyov vAomoleitar e
dvo pebddovg mov PBpiokovtal oty khdorn AudioWrapper. Ot péBodor avtol givar n

load() xoim loadStream(). O kdodwkog ¢ load() givor o e€nc:

/-k-k
* Loads the specified wave file.
* @param FileName The filename and the path of the wave file.
*/
public void load(String fileName) throws Exception {
// dispose previous clip if was loaded
//noinspection EmptyCatchBlock

try {
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ifT (clip '= null){
clip.stop(Q);
}

3
catch (Exception ex) { }

// initialize the members to null
this.audioFormat = null;
this.info = null;

this.data null;

this.clip null;

// We read all bytes to BytelnputStream first then use it
// as a source stream. We probably could stream directly
// from files but then must use FIS opened for longer time.
FilelnputStream fis = new FilelnputStream(fileName);
InputStream is = loadStream(fis);

AudiolnputStream ais = AudioSystem.getAudiolnputStream(is);
Fis.close();

this.audioFormat = ais.getFormat();

int size = (int)(this.audioFormat.getFrameSize() *
ais.getFrameLength());

this.info = new DataLine.Info(Clip.class, this.audioFormat, size);

this.data = new byte[size];

//noinspection ResultOfMethodCalllgnored

ais.read(this.data, 0, this.data.length);

}

H pébodoc maipvel wg dpiopa 10 povomdtt tov apyeiov Myov. o mapdadstypa, otnv
KAdom Game £YOVE:

backgroundMuzic. load("resources/Mmario soundssstagel.vavr" ) ;

Koatémv, dnuovpyodue pio pory tomov FilelnputStream pe €600 avtd 10 apyeio
Kol kodovpe v péEBodo loadStream() pe €icodo v pon FilelnputStream mov

dnpovpynoape Tponyovéves. O kmdikag g loadStream() eivat o e€ng:

/**
* Loads the stream to a ByteArraylnputStream.
* @param is The input stream.
*/
private ByteArraylnputStream loadStream(InputStream is) throws
10Exception {
ByteArrayOutputStream baos = new ByteArrayOutputStream();
byte data[] = new byte[1024];
for(int 1 = is.read(data); i1 = -1; 1 = is.read(data)) {
baos.write(data, 0, 1);
}

baos.close();
return new ByteArraylnputStream(baos.toByteArray());
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H ocvvapmon avt dwfdlet dha ta dedopéva amd 10 InputStream Kot To AmoOnKevEeL
apywa oe éva avrikeipevo tOmov ByteArrayOutputStream kol HETO GE €va
avTiKeipevo Tomov ByteArray InputStream, To 0moio Kol EMGTPEPEL.

Yvveyilovtog v avdivon g peBodov  load(), «Karobue v uéBodo
getAudiolnputStream() 7Tov oavrtikelévov AudioSystem pe Opwopa 10
InputStream Kol ekyopovpe TNV €000 ™G O v OVTIKEIPHEVO TOTOL
AudiolnputStream. ATd avT0 TO OVTIKEIILEVO TOIPVOLLE TANPOPOPIES OTMS TOV TUTO
Tov NYov (audioFormat), To péyeog, ta dedopéva Kat To avtikeipevo Info, 1o omoio
nePEyEL TANPoeopies yo o audio format kot to péyebog tov buffer.

Ouomg axdpa oev Exovue Paret Ta dedopéva oto avtikeipevo Clip. Ta dedopéva Myov
exyopovvion oto Clip avrtikeipevo oty puébodo play(), n omoia Eekvd kol v

avomopaymyn Tov Clip:

/**
* The play() method starts the playing of the wave fTile.
*/

public void play() throws UnsupportedAudioFileException,
LineUnavailableException {
it (clip '= null) {
stopQ);

clip = (Clip)AudioSystem.getLine(info);
clip.open(audioFormat, data, 0, data.length);
clip.start();

Onwg PAémovpe kahovpe v pnéBodo getlLine() (tov avtikeyévov AudioSystem) e
oplopa to aviikeipevo info (Tov omoiov ta TEPIEXOUEVA EKYWPTCAUE TPOTYOLUEVMG,
otV péBoodo load() Kol TNV YPOAUUN TOV EMGTPEPEL 1] LEBODOC TNV EKYMPOVUE GTO
clip. Katomv, avoiyovpe 10 clip apov kaAéoovpe tnv péBodo open() pe Ta
KOATAAANA0 opicpato Kot EekivoOue v avamopoywynq tov clip KoA®vtog tnv

nébodo start().

4.4.7.2 Teyvukn 710 ovve] avarapaywyn — atéppovo looping tTov apyeiov ov
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H teyvikn mov akoAiovBnoape yo to atéppovo looping tov apyeiov Nyov Ppicketan

omv pébodo playForever():

/**
* The playForever() method loops the wave file forever.
*/
public void playForever() throws UnsupportedAudioFileException,
LineUnavailableException {
it (clip '= null) {
stop();

clip = (Clip)AudioSystem.getLine(info);
clip.open(audioFormat, data, O, data.length);
// loop forever
clip.loop(Clip.LOOP_CONTINUOUSLY);

Onwg mapatnpovpe, potdlel ToAd pe v pébodo play() mov gidape Tponyovuévag.
‘Exetr 6powg pior ovslaotiky] dtopopd: 6to téhog ¢ pebdoov, avti yio v pébodo
start() tov aviikeévov Clip, kaiodue v néBodo loop) pe GpoUO TNV GTOTIKN

petafAnty LOOP_CONT INUOUSLY.

4.4.7.3 Teyvikn Y10, TOV TEPUOUTICUO TNG AVOTAPAY YIS TOV APYEIOV 1)} 0V

AxolovOnoape TV €ENG TEYVIKT Y10 TOV TEPUATIGUO TNG OVOTAPAYMYNG TOL OPYEIOV

Nyov:
/**
* 1T the sound is playing, It stops the sound.
*/
public void stop() throws UnsupportedAudioFileException,
LineUnavailableException {
it (clip = null){
clip.stop(Q);
}

// set the clip to null
clip = null;

[Mapamnpodpue 6t n péBodog dev Bo umopovce va Ntav wo amAn. To poévo mov kavel

etvar va kahet Tv pé€Bodo stop ) tov avtikeyévov clip kot va to 0étel o€ null.
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KE®AAAIO 5

Teyvikéc Yo T onuiovpyio €vOg 010106 TATOV TALYVIOLOD
TATOOPROG

Yrapyovv moiréc katnyopieg maryvidwwv. o mopddetypo, vmdpyovv matyvidw
TPAOTOV TPOSOTOV (Omwg m.y. To Doom), moyvidwe otpatnyikng (Civilization),
moyviolo pe agpomAdva (shoot’em up kot flight simulators) xtA. Ztnv gpapproyn mwov
avantoéape oto TAaiclo TG OWMAMUATIKNG £pyaciog dnpovpyncape Eva moryviot
katnyopiag mhateopuog (platform game). Ta moyvidi avtg g Katnyopiag gival
EVYAPIOTO GTOV YPNOTN AOY® TNG AMAOTNTAS TOVG. € QVTIV TNV KOt yopio aviKovuv
emiong mayvidw mov APnoav EToyN TNV 16TOPi0 TOL gaming, Onwg eival To Super
Mario Brothers, o Donkey Kong Country, to Pitfall xtA. Zvykexpyéva, otnv
EPAPLOYT OV avarTOEape dnuovpynoape éva Mario clone.

H Baociknm 10éa mov vmdpyer ota moryvidww miateoppog stvor n e€ng: O ypnong
yepiletan Evay yopaxTnpo 0 omoiog £xel ot CLYKEKPIUEVT] amooToAN. O YopaKTPOg
umopetl va Kveiton apiotepd / 0e&ld kot va mnddet (Yoo TANKTPO YPMCUOTOLEITAL TO
0e€1d ko 10 aprotepd PEAog, kol TOo TANKTPO Olactiuatog). Kobmg xwveiton
mpoywpdel kot o £30¢pog (0 xbptng) mive oto omoio Ppicketor tnv kdbe oTryun o
YOPOKTNPOG. XTO TMEPAGUE TOL GLVOVTAEL €XOPOVG OV TPEMEL VO AVTIUETOTICEL,
gUmod ko dtépopa bonus (6mwg m.y. vopiopata).

O mpoypappatiomg Oa Tpémel va ivol TPoGEKTIKOG 6TV EMAOYN TOL O KAVEL Yo
TIC €IKOVEG OV Bo. OVOTOPICTOVV TOV YOPAKTIPO TOL TOLVIO0D, TO £0(POG, TOVG
exfpovc ka1 10 @ovto. Ilpémer va eivon kabapéc kol gvydplotes, €TI0l MOOTE va
Onpovpyeitat £va uYAPIOTO Yo TOV ¥pNoTn / Beath TepPaiiov.

¥10 kePdAoo owtd Ba yivouv yvwotol 6pot OTmg ydptng mov Paciletor oe TAaKido
(tile-based map) kou €leyyog ovykpovoewv (collision detection). XvveyiCovpe pe v

TOPOVGIOCT] TEYVIKMV Y10 TV ONUIOLPYIO TOL YAPTN EVOS TETOL0V TOYVIOL0V.
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5.1 Tegyvikég Yo TV onuovpyia Tov xaptn

Yta oy vid TAaTEOpUAG 0 XAPTNG eivor cuvnBmg peyaALTEPOG amd TV 000V Kot
Kveltan avdioya pe v xkivnon tov yapoaktpa. ‘Evag tpdmog yio tnv dnpiovpyia Tov
YOPTN €lvar M ypnowomoinon Mg tepdotiag €koévag N omoio Ba avoamaploTd TO
£00poc. Opmg avt) M te(VIKN Tapovcldlel moALd onpovikd petovektpota. o
TOPAOELYIO, T YPNOWOTOINGT HOg TOAD HEYAANG €wkovag B €xel mOAD peyddeg
OTOLTNGELS OTNV VUM, YEYOVOS oL Oa emdpd apvnTiKd 6TV amdO0CN OPICUEVOV
ovomuatov H/Y. Eriong, pe avtoév tov 1pomo Ba eivor moAd d0cKoAn n vAomoinon
TOV UNYOVIGLOV EAEYYOL cuykpovcsewv (collision detection). Mg tov unyoviopod ovtod
UTOPOVLLE VA EAEYEOVUE TO TOTE O YOPOUKTNPOS LOG EPYETOL GE EMAPT LE TO E60UPOGS, LE
Kémowov €0pO 1N HE KATOO VOUICUO. XTNV TEPIMTOON TOL YPNGLLOTOOVUE Lol
HEYAAN €1KOVO Y100 TNV OVOTOPEGTOCT) TOL XapTr, €ivol OVGKOAO VO OPIGOVLE TTOLN
pépn g ewovag gival oteped (UMOpel va TATAGEL O ¥PNOTNG 1 VAL AVAKOYOLV TNV
mopeia TOL) Kat oo, O)L.

O 1pOTOC OV GUVICTATOL Yo TNV SNUOLPYIO TOL YAPTN CE TOLYVIOW TAATOOPUOGC
elvail n ypnowomnoinon evog tile-based (Baciouévov oe mhlakidwa) xdptn. O tile-based
xaptng etvor €vag yapmg mov ywpiletor oe éva miaicro. Ta terpdyova mov
oynuatioviot amd TG YpappEG Tov TAosiov givot Ta Aeyopeva tiles — mhokidia. 'Evog

TETO10G XAPTNG PAIVETOL GTNV TOPAKATO EKOVAL:
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™

Yy ewévo aut PAEmovpe ol TAOKISL avTioToyoby og gkdvo (Onm¢ glvar ta
mhokiolo e terevtaiog oelpdc) katl mowa eivor ddsta. Kdabe tile-based ydptne mepiéyet
avagopég oTig ekdveg mov avikovv o€ kdbe mAaxido. O ydpteg avtol pog
EMTPEMOVY VO YPNOLUOTOMGOVIE HE EMOAVOANTTIKO TPOTO EIKOVEG TOL  EYOLV
EAGYIOTEG OMOLTOEL G ATOONKEVTIKO YDPO KoL VAN, YOPIC VO LOG OTOoYOAEL M
pelwon oty amdooon.

Mmnopovpe emiong va kdvovpe tov yaptn 6co peyaro Béhovpe. Ta mhaxidio, dmwg
BAémovpe ko amd v mapondve eikdva, givar cuvnbog tetpdywva. Ot dloTAGELS
Tovg o€ pixels gival oyeddv TAvVTO SLVAUELS TOL 2, O™ T.Y. 16, 32 N} 64 pixels. Xtnv
EQOPUOYN TOV aVATTOEOUE OTO TAOUGLOL TNG OMAMUATIKNG EPYOCING, TO TAAKIOW
&yovv dlaotdoelg 64x64 pixels.

AxolovBobv ot ewoveg tov mhakwdiov (tiles) mov ypnoomombnkov yw TV
dnuovpyia Tov yaptn ™G Pappoyns. Ta mAaxidio avtd vEapyovy dwbécio TNV

otoceAida “Developing Games in Java™ http:// www.brackeen.com/javagamebook/.
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Avtd 1o 9 mhoxkidw Bpickovror otov @drkelo “resources\tiles” g €poppoyNg MOV

avantodape. Me tovug tile-based ydpteg pmopovue emiong vo KotaAdfovpe e0KoAa
Tol0L UEPT TOL YAPTN Elval «oTePed» (ONANOY| avATOPIGTOVV £60POG) Kol TTolo givat
«Keviy».  Avtd  ypnoYLELEL  OTNV  OviYVELOT  GLYKPOVGEWV, £I61 OCTE VA
Katalofaivoope 10 TOTE 0 YopaKTAPaG Ppioketol 610 £60p0C, TOTE GLYKPOVETAL LE

TOlY0 KTA.

5.1.1 Teyvwen owayeiprong tov tile-based yaptn

2V €Qoproyn Hog ot KAdoelg mov dtayepifovror tov ybptn €lvar ol TileMap kot
TileMapRenderer. H «ldon TileMap mepilapfaver évov 010140T0T0 TivOKo e
avtikeipeva eikovov (Image), to omoio weptypapovy tov xaptn. Kdbe katoydpnon
EIKOVOG GE QTOV TOV Tivaka dgv amotelel Eexwplot ekOVa, AL pio ovopopd oe
vapyovoa gwova. Me avtdv tov Tpomo eEokovopolpe yodpo oty pviun. o
mapaderypa, €0t 0Tt pio ewova peyébovg 5 Kbyte eueaviCetar otov yaptn 1000
QOpEC. Xe TEPIMT®ON OV OEV YPNOULOTOIOVUE aVaPOPES TOTE YPelolOLOoTE YDPO
mepimov ico pe 5 MB. Xy mepintoon tov avaeopdv ypelalopacte yopo ico ue 4
KB + ta 5 KB ¢ eikdvog (avtd yrati ot avaeopés katorapupdvovy amd 4 bytes).

H «\don TileMap mepthapPaver pebBodovg amd T omoiec UmopovUe  va
mAnpopopnBovue yio To péyebog Tov yaptn (VWog Kot TAGTOG):

[
z/Gets the width of the TileMap (number of tiles across).

public int getWidth() {
return tiles.length;
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/**
* Gets the height of the TileMap (number of tiles down).
*/
public int getHeight() {
return tiles[0].length;
}

Eniong, mepihapfdaver pebddovg mov pog emrpémovv  vo. opicovpe Kol va
amoktnoovpe £va mhakidlo mov Bpicketar oe pio cvykekpyuévn Béon:

/**
* Gets the tile at the specified location. Returns null if
* no tile is at the location or if the location is out of
*  bounds.
*/
public Image getTile(int x, int y) {
if X <0 |] x>= getWidth(Q ||
y <0 || y >= getHeight())
{

return null;

else {
return tiles[x][yl;
3

/**
* Sets the tile at the specified location.
*/
public void setTile(int x, int y, Image tile) {
tiles[x][y] = tile;

[Ipénel va onueiwcovpe 6tL 1 kKAdon TileMap €KTOG omd TIC EIKOVEG TOV TAOKIOI®V
mePAaUPAavel ToV yapakTpo Tov moryvidlov (player) kot pio AMlota pe ta sprites (to
VIOAOIO GTOLYKElR OV Kivouvtal, OnAadn ot €xBpoi kot ta vouiouata). [epiéyovran
emiong ot nEBodoL 0PI HOv Kot avaKTNoNG (setter Ko getter) TV oTotyEl®V QVTOV.

AVOQOPIKE LE TOV YOPOKTIPO TOL TTOLYVIOOV LITAPYOVV Ot €ENG HEBodOL:

/**
* Gets the player Sprite.
*/
public Player getPlayer() {
return player;
}
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/**
* Sets the player Sprite.
*/
public void setPlayer(Player player) {
this.player = player;
}

O kodKag etvar amAog Kot dgv yperaletarl avaivtikotepn meptypar]. [a v Alota
ue Ta sprites Eyovpe TG &Nc pebodovc:

/**
* Adds a Sprite object to the map.
*/
public void addSprite(Sprite sprite) {
sprites.add(sprite);
}

/**

* Removes a Sprite object from the map.

*/

public void removeSprite(Sprite sprite) {
sprites.remove(sprite);

}

/**
* Gets an lterator of all the Sprites in the map,
* excluding the player Sprite.
*/
public Iterator<Sprite> getSprites() {
return sprites.iterator();
}

H npdn pébodoc mpochétet va sprite otnv Aiota, 1 0evTeEpT apatpet éva sprite amod
v AMota Kot 1 tpitn pag divel évav 1terator yio 6o To Sprites Tov VITAPYOVY GTOV
x0ptn. Me 1OV lterator UmOPOVUE VO €AEyyOLHE TO. oTOwElo NG Alotoc, e

pefodovg 6mwg 1 hasNext (ko m remove().

5.1.2 Teyvuen Yo v onpovpyia Tov yaptn

[Ma v dnuovpyio Tov xaptn Ba propovoape vo kalovpe Tic pebddovg setTile()

kol addSprite() yo ka0e mhokidlo kat sprite wov Oa Exel o xaptng. Kdtt tétoto opuwmg
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Ba Mtav dvokoAo otV vAomoinom, kabmg eivar ypovoPopo Kol VIEPYOLV TOAAEC
mOaVOTNTEC VL KAVOLLE LY VE AGON 6TV TomoBéTnomn Tov KAbe GTOoLYEIOL.

"Evag dAAog tpdmog yia tnv onpuovpyio Tov yaptn etvon 1 avamtuén evog enelepyaotn
yoptdv (map editor). Ot enelepyaotés YOPTOV Elvol TPOYPOLLOTO 7OV  LOG
EMTPEMOVV VO, GEPVOLLE Kot va Ttomobetovpe ta tiles méveo otov xaptn, HETA va
amoONnKeELOVLE TOV YAPTN KOl 1] EPAPLOYN LOG VO POPTOVEL TO omodnkevpévo apyeio.
Opwmg n viomoinom evdg tétotov editor ivar apretd SOOGKOAN.

‘Evag tpitog tpdmog yio v dmpovpyio yoptdv elvar 1 dnuovpyic Kot 1
ypnoomroinon evog apyeiov keyévov (text file), oto omoio xdbe yapoktpag Oa
avamoplotd £vo TAaKiO 1 £val sprite. LTV QapUOYn LG 0KOAOLONCANE aVTOV TOV
TPOTO KO TO 0PYEL0 KEWEVOD OV AVATTOPIGTA TOV XAPTN eivar TG €N LOPPNS:

# (Linesz that start with '#' are comnments)
# The tiles are:
# [Space)] Empty tile

# AT Tilez & through I

# a Coin
# o Coopa

C

C

a C

o} I o C

[ala}ulaluls} a I a C

o} I o} C

ITTITII ITTITII o I o C

0000 I oo o} I o} cc C

[a]als} IT a EF I a ITTIT C

EF o} EGD C

EF c CD c c EGAD C

BEEBBEEE GHEEEEEEE HEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE A A HEEEEEEEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEE =

To apyeio avtd Ppioketar oty ddpoun “resources\map\mapl.txt”. Ot ypoppéG Tov
Eexwvouv pe v oleon ‘# elvar oxomo. Ta xepaioio ypdppoto A péyxpt kot 1

avamopleTodV T, TAOKIOW TOL €3GPOVE ToL €ldape mponyovpéves. Ta ‘o

AVOTOPIGTOVV TOL VOUUGHOTO Kot T, ‘C’ Toug £x0povg (coopa).

5.1.3 Teyvikn Yo v @OpT®O) TOVL YEPTN

H @optwon tov ydptn yiveror amd v khdon TilesResources g EQUPUOYNG LOG.

e Baotkég YPOaUIES, 1| @OPTOON TOV XdpTn akoAovdel Ta eENG PpaTa:
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1. Awpdalovpe xabe ypopur, ayvoovpue TS YPOUUUES GYOMMV Kot Tomofetodue
™V KaOe ypouun o€ po Aioto.

2. Anmovpyovpe éva avtikeipevo tomov TileMap. To TAATOC TOL AVTIKEUEVOD
etvat 160 pe To TAN00G TOV YOPAKTAP®V TNG LOKPVTEPNG YPOLLUNG Kot TO VYOG
TOV OVTIKEWLEVOL givat {60 pe Tov apliud TV YpouUdV.

3. Eléyyovpe évav-évav toug yopoktpeg o€ kdbe ypapun ko tpocHitovpe 10

TAOKIO10 1] TO sprite Tov avaAOYEL.

O kddwKag Tov VAOTOlEl T Tapamave Ppioketar otnv péEBodo loadMap () g KAGONC
TilesResources. O k®dwkag mov axkorovBel eivoar pépog g pebodov avtig kot

deiyvel TNV avayveon Tov Ypoupudy Kot ty tonodétnen toug og Aioto (1° frua).

// read every line in the text file into the list
BufferedReader reader;

try {
reader = new BufferedReader(new FileReader(filename));

boolean flag = true;

while (flag) {

try {
String line = reader.readLine();

if (line == null){
reader.close();
flag = false;

}
else if (line.startsWith("#")) {
// do nothing

else {
lines.add(line);
width = Math.max(width, line.length());

}

} catch (10Exception e) {
e.printStackTrace();
}

}

} catch (FileNotFoundException e) {
e.printStackTrace();
}

To 2° xat 10 3° B VAOTOLOVVTOL TAPUKATO:
TileMap newMap = new TileMap(width, height);

for (int y=0; y < height; y++) {
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String line = lines.get(y);

for (int x=0; x < line.lengthQ); x++) {
char ch = line.charAt(x);

// check if the char represents tile A, B, C etc.

int tile = ch - "A~";

ifT (tile >= 0 && tile < tiles.size()) {
newMap.setTile(x, y, tiles.get(tile));

}

// check if the char represents a coin sprite
else if (ch == "07) {

addSprite(newMap, coinSprite, X, Y);
}

// check if the char represents a coopa sprite
else if (ch == "c") {

addSprite(newMap, coopaSprite, X, Y);
}

[Mopatnpodpe v onovpyio tov TileMap OVTIKEWEVOL Kot TOV EAEYYO TTOL YiveTal

oe OAOVLG TOVG YopakTpes. BAémovpe 0Tt Yo tovg yapaktmpeg ‘A’, 'B’, ‘C’ kTA.

[P

KoAeitor 1 péBodog setTile(), yw TOv Yopaktipo ‘0’ kot ‘c’ mn pébodog
addSprite() pe to KaTdAANAQ opicpata.

Avagpopikd pe v péBoodo addSprite() mpénel va movUe OTL dgv OMpovpyodue €val
JPopeTIKO avTiKeilevo Sprite yia ke sprite Tov TaLyVidlo0, 0ALL OTdYVOLUE
KA®VOLG Yo va £xovpe kaAvtepn amddoon. [a tov okomd avtd kdvovue override tnv
uébodo clone() otnv KAdon Sprite.

Eniong, mpotov mpocHicovpie to sprite otov xdptn mpénet va 1o Pdlovpe otV akpipn
Béom tov tile oto omoio anewovileTat:

// center the sprite

assert sprite = null;

sprite.setX(
TileMapRenderer._tilesToPixels(tileX) +
(TileMapRenderer.tilesToPixels(1) -
sprite.getWidth()) 7/ 2);

// bottom-justify the sprite

sprite.setY(
TileMapRenderer.tilesToPixels(tiley + 1) -
sprite.getHeight());
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Onwg Prémovpe avtd emtvyydvetor ypnolpomoldviog T Hefddovg setX() ko
setY() tov Sprite pe ta KotdAANAa opicpata. ['a Tov oKomd avtd YPNGLOTOI0VLE
Vv nébodo tilesToPixels() g kKAaong TileMapRenderer, 1) 0moio LETOTPENEL TAL

tiles o¢ pixels.

5.1.4 Teyvuen Yo v amekovion Tov yaptn

Ot yapteg ot oy Vidl TAATEOPLOG elval peyaAvTepol amd v 006vn, ondte KaOe
oTiyun @aivetal povo éva Koppdtt amd avutovc. Kabmg o yapaktipag tov maryvidiod
KIVELTAL, KIVEITOL KOl O YAPTNG, EVD O YOPOKTIPOS TOPAUEVEL GTO KEVIPO TNG 006VNG.

AvT0 Qaivetal TNV TOPAKATO EKOVOL:

\ , Tile Map

On Screen

To pépog tov xaptn mov PpiokeTon «on screeny givol To pEPOg mov epgaviletor v
tp€xovoa otiyur] otnv o006vn. Onwg mapatnpovpe, o yopokmpag Ppioketal 6to
Kévtpo ¢ 006vng. O vorowrog yaptng (Tile Map) dev £yt axoOpa ELEOAVIOTEL.

IMa vo Tapapével o yopakT)poag 6to KEVIPO NG 000vNe, vAoTolovUE TNV aKOAoLON
TeXVIKY| (KAGon MapRenderer):

int offsetk = screenWlidth / 2 - Math. rowsd(player.geti()] - TILE ST2E;

Ouwmg 6tav o yopoaktipag Ppiokeror otnv apyn N 6t0 T€A0G TOL XAPTN, O XAPTNG
TPEMEL VO TAWYEL Vo, Kveitor (Yo va unv eoavodv onpeio mov givatl €KTOG ToL XApTn)
EVO 0 Yopokpoag TPEneL va, £xel TV dvvortdtta va Kivnbel mo 6e&ld 1 apiotepd
amo 1o kévtpo. [ va To gmtuyovpe avtd, divovpe dpila otny Tiun tov offsetX:

nffsety = Math.min(offaeti, 0);
offzetx = Math.max(offzetx, screenWidth - mapWidth):

Emiong, dnuiovpyodpe v petafinty offsetyY yio vo evOveTal o ¥4pTng LE TO KOT®

onpeio g 00ovNg:
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int offsery = acreenHeight - tilesTolPixels (map.getHeight()):

Avagopid pe ta tiles, avti va Loypagilovpe otnv 006vn Ola ta tiles, {oypapilovpe
poévo avtd mov eivor opatd v kdbe otiyu). o va to emrdyovpe ALTO
Coypagilovpe 0 TpdTO tile pe Pdon 1o offFsetX kot petd vroAoyifovpe to TEAELTOO
tile oplovtiong ve Bdon 1o mhdtog g 006vnc. Katomv Coypaeilovpe 6lo to opatd
tiles g €&ng;:

// draw the visible tiles
int FirstTileX = pixelsToTiles(-offsetX);
int lastTileX = FirstTileX + pixelsToTiles(screenWidth) + 1;

for (int y=0; y<map.getHeight(); y++) {
for (int x=FirstTileX; x <= lastTileX; x++) {
Image image = map.getTile(X, y);
ifT (image !'= null) {
g-drawlmage(image, tilesToPixels(x) + offsetX,
tilesToPixels(y) + offsetY, null);

Ext6¢ and ta tiles, aneikoviCovpe TOV yopaKkTpa Kol To sprites o¢ €ENG:

// draw player
g-drawlmage(player.getimage(), Math.round(player.getX()) + offsetX,
Math.round(player.getY()) + offsetY, null);

// draw sprites

Iterator i = map.getSprites();

while (i.hasNext()) {
Sprite sprite = (Sprite)i.next();
int x = Math.round(sprite.getX()) + offsetX;
int y = Math_round(sprite.getY()) + offsetY;
g-drawlmage(sprite.getlmage(), x, y, null);

// wake up the creature when It"s on screen
iT (sprite instanceof Coopa && X >= 0 && X < screenWidth) {
((Coopa)sprite)._wakeUp(Q);

Mo v amewovion Tov YopouKTHPO. YPNCIHOTOVHE TIG HeTafAntéc offsetX kot
offsetY. ['lo v amewkdVIoN TOV sprites ypnoiponolovpe Tov I'terator g AioTog
tov sprites. Emiong, otav évoc exBpdc sivor evtog oBdvne, kaiovue v pébodo

wakeUp(), 1 omoia tov Bétel o€ Kkivnon.
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5.1.5 Teyvikn Yo rapdAiinin petoxivnon Tov @ovrov (parallax scrolling)

H teyvikn mov ypnoyomomoape yio tnv HeETaKivnon tov @oviov ovoudletol
«mopdAANAN kOMony» (parallax scrolling). Me tov 6po «parallax» evvoovue v
aAlayn ™G B€omg evog avtikelévou O0tav avtd £WmBel omd JPOPETIKY OMTIKN
yovia. ['a tapdderypa, 6tov kKdmolog Ppicketar o éva avTOKivITO TOV Kiveital, TOTE
To, YOP® OVTIKEIPEVO TOV €fvol KOVTA GTO OVTOKIVIITO QOIVETOL VO LLETOKIVOUVTOL LLE
peyoAvtepn taxvtnTo omd OTL Tl avTikeipeva mwov Ppiokovion mo poxpd. o v
axpifewo, 660 mo poxpd Ppioketon €va aviikeipevo, TOGO HIKPOTEPN glvar m
petakivnon tov.

Xmv  epappoyn mov oavomtOiéope oto TAOc NG SUTAMUOTIKNG  €pYOciog
YPNOUOTOIOVE QLTHV TNV TEXVIKY] Y10 TO POVTO. MeTaKivooue dNAad T0 POVIO UE
pkpdTEPN TOYVTNTO OO OWTNV OV UETOKIVEITOL O YAPTNG Kol £TGL divovpe GTOV
¥PNOTN TV Yevdaictnon 6Tt 10 pOvTOo Ppicketan mo pokpld and 6t o xdptgs. o va
TO EMTOHYOVUE AVTO, YPNOCLLOTOLOVUE L0 EKOVO TTOV gival dSUTAGG1o amd v 006vn.
XMV €QopUoy] oL ovOmTOEAUE M EKOVAL TOL POVIOL Pploketol oTovV (QAKELO
“resources\Background” ot ovopdletor «canada.jpg». To péyebdg g elvon
2048x768 pixels (ywati n avdivon mov emAéyel apywd M €Qapupoyn eivor 1
1024x768). Kabnhg o ypriotg kwveitar, oryd-cryd apyilel va @avep@vVETOL OAOKANPM 1
EIKOVA TOL POVTOV.

Otav o yopaxtpag tov moaryvidwov Ppioketor oty apotepn (apyikn) HePLE TOL
xaptn, tote (wypapiletar otnv 006vn N aplotepr| pepld tov EOVIov. Avtd Qaivetat

TNV £KOVA TOL 0KOAOLOEL:
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e

Background

" s Tile Map

On Screen

H ewova «Background» eivar orokAnpo 1o @ovto. To xoppdtt «On Screen» gival
avtd mov gueaviletar oy 086vn Kot to «tile mapy» givor o xéptng Tov Tayvidov. H
OTEWKOVIOT] TOV OPLGTEPOV UEPOVS TOV POVTIOV YIVETAL HE ATAO TPOTO, OTMG PatveTOL

amd TOV TAPUKATO KOOIKOL:

int backgroundX = 0;
g-drawlmage(background, backgroundX, O, null);

Ortav o yapaxktipag Tov moyvidol Ppioketor oty de€ud (telkn) pepld tov xaptn,
161e (wypapiletar onv 006vn 1 de€1d peptd Tov POVTOL. AVTO PAIVETOL GTNV EIKOVA

OV OKOAOVOEL:
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>

Background

On Screen

H ameicdvion tov de£100 TUNUATOG TOL POVTOL YiveTon TAAL pe amAd TpOTO:
int backgroundX = screenWidth — background.getWidth(null);
g-drawlmage(background, backgroundX, O, null);

Mo v anewovion tov onpeiov Tov Ppickovtorl petald g apltoTepn|g Kot TG 0e&1dg
HePLEG TOL YApTN TPEMEL Vo, Ppodpe Evav TPOTO Vo PETATPEWYOLLE TNV UETOPANTN
offsetX (mov delyver v Béom tov ¥bptn mov LoypaeileTor TV TPEYOLGA GTIYUN)
omv petafinty backgroundX. O K®IKOS mov VAOTOlEL LTV TNV TEXVIKN €lval o

e&ng (kAaom TileMapRenderer):

// draw parallax background image
if (background 1= null) {
int x = offsetX * (screenWidth - background.getWidth(null)) /
(screenWidth - mapWidth);
int y = screenHeight - background.getHeight(null);

g-drawlmage(background, x, y, null);

}

To @ovto oyeddleTon Tavtdypova pe 6Aa To vTdAoua ototyeio otV 006vn (dnAadn
TOV XAPTY], TOV YOPAKTN PO, TOVS £x0POVG Kot Ta VOLUGHATA).
[Ipémel vo onueEI®GOVUE OTL O TAPOUTAVED KOOIKOG EXEL TIG EENG TPOVTOBEGELC:

e To @dvto givan peyaldtepo oe TAATOG amd TV 000V Kot

o O yb&ptng elvor peyaAvtepog o TAATog amd 10 POHVTO.
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5.1.6 Teyvikn perakiviiong Tov £x0pov

Ot gxBpol meprypdopovior and v KAdon Coopa, m omoio. kKAnpovopel v kAdom
Sprite. Kabe eyBpog £xer tpelg kataotdoelg: STATE_NORMAL, STATE_DYING Kot
STATE_DEAD. H STATE_NORMAL vmodetkvietl 0Tt o €x0pdg givar {ovtavdog kol pmopet
va kivnBel. H STATE_DY ING vrodeikvoet 0Tt o £x0pog mebaivel (omodte eppaviCeton Ko
TO KOTAAANAO animation) kot 1) STATE_DEAD vodetkvieL 0Tt 0 ex0p0¢ €xel mebdvet.

O gxBpoi mapapévouv axivnrot, péypt va Ppebodv £vidc Tov 0patol TUAUOTOS TOL
xbpN, omoTE Kot «Eumvovvy. O €leyyog vy owtd Ppioketar otnv pébodo draw() g

KAdong TileMapRenderer:

// wake up the creature when It"s on screen
if (sprite instanceof Coopa && X >= 0 && X < screenWidth)

((Coopa)sprite).wakeUp(Q);

H pébodog wakeUp() etvon ) e€ng:
/**
* Wakes up the coopa when it first appears on screen.
* |t starts moving to the left.
*/
public void wakeUp() {
if (getState() == STATE_NORMAL && getVelocityX() == 0) {
setVelocityX(-getMaxSpeed());
}

}
Onwg mopatnpovpe, eAEyyel TNV Katdotoon Tov £x0pod (av dnAadn| ivar {ovtavog)
Kot ov eivar okivnrog (getVelocityX() == 0) kol pe v kKAnon g pebddov
setVelocityX() oapyiler va xweiton apotepd (pue emrdyvvon ion pe 0.09 =
MaxSpeed).
Eniong, otv «Adon Game mpoyloTomoOloOUE EAEYYXOVS Yo TIS TOOVEG CLUYKPOVGELS

TV gxfpov pe Tolyovg (LEBodog updateCreature()), Onmg Ho dovE TOPAKATE.

5.2 Teyvikég EAEYYOV GLYKPOVGEMY

H epappoyn mov €yovpe avamtdler dev Bo pumopobce va AEITOLPYNOEL GOOTA OV
anovociole o €Aeyyoc ovykpovoewv (collision detection). Xwpig tov unyaviouo

EAEYYOL GLYKPOVCEMV O YAPOKTNPOS Kol ot €xOpol Tov mayvidov Ba propovoay va
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umoaivouy péca oTovg TOiyovg, O yopokmnpag oev Ba umopovoe vo GLAAEEEL
VOLUGHOTO, VO GKOTAOGEL £X0pOVG KTA.

H ypnoyomoinon evog tile-based yaptn omv epappoyr| pog kévet moAd evkordtepm
TNV VAOTOINGN EVOG INYOVIGHLOD EAEYYXOL GVYKpOoVoE®Y. Mmopolie va yowpicovpe Tov
pNYovicpd avtd og 000 EMUEPOVS GTAOIN: GTOV EVTIOMIGUO T®V GLYKPOVCEMV KOl

OTOV KATAAANAO YEPIOUO TOVC.

5.2.1 Teyvikn evTomIGHOV GUYKPOVGEMY

OepNTIKA, 0 YOPUKTAPOS Kol 0L €xBpol Tov TayVidloy (KOBMG KIvoUvTol) UTOpOvV
va Ppiokovtar péxpt kot o€ 4 Sapopetikd tiles v kdbe otiyur. Ondte mpémel va
eléyyovpe kabe tile péoa oto omoio Ppioketar o yapaktnpog kot Kabe tile 6to omoio
TPOKELTOL VO TTAEL O YAPUKTIPOC.

O EVIOMIGHOG  ovyKpovoewv  yiveral péoo  omd TG pedddovg
getTileCollision(Coopa sprite, float newX, float newY) Ko
getTileCollision(Player sprite, float newX, float newY) otnv kAdon
Game. H dwpopd otig pebddoovg eivar poévo oto Opiopd toug. H mpdtn pébodog
eMéyxel v mBaveg oLykpovoelg Tov €xfpov (Coopa) kot 1 devTepN Yoo TOOVES
OLYKPOVGELS TOV YapOaKT PO TOL Toryvioov (Player). O éleyyog yivetal pe Bdon v
TPOTYOVLEVT] KOt TNV €mOpeV BEom tov £rBpov 1| Tov yopakTipa (EAEYYOLUE Yid TO
av vapyovv «otepedy tiles oty dadpouny). O kmdikog givar o e€ng:

/**

Gets the tile that a Sprites collides with. Only the
Sprite®s X or Y should be changed, not both. Returns null
iT no collision iIs detected.

@param sprite The player sprite.

@param newX The new x coordinate of the player.

@param newY The new y coordinate of the player.

ok ok o F %

*/
private Point getTileCollision(Player sprite, float newX, float newY) {
float fromX = Math.min(sprite.getX(), newX);
float fromY = Math.min(sprite.getY(), newY);
float toX = Math.max(sprite.getX(), newX);
float toY = Math.max(sprite.getY(), newY);

// get the tile locations

int fromTileX = TileMapRenderer.pixelsToTiles(fromX);

int fromTileY = TileMapRenderer.pixelsToTiles(fromY);

int toTileX = TileMapRenderer.pixelsToTiles(toX + sprite.getWidth() -

1);
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int toTileY = TileMapRenderer.pixelsToTiles(toY + sprite.getHeight() -
1);

// check each tile for a collision
for (int x=FfromTileX; x<=toTileX; x++) {
for (int y=fromTileY; y<=toTileY; y++) {
if (x <0 |] x >= map-getWidth() || map-getTile(x, y) = null)

{
// collision found, return the tile
pointCache.setlLocation(x, Yy);
return pointCache;
}
}
}

// no collision found
return null;

[Mopatpodvtag tov mopoamdve koo PAEmovpe O0tL ot petaPAntés FromX,Y ot
toX,Y TOL XOPOUKTNPO OVOTOPLGTOVV TIG TPONYOVUEVES KOl EMOUEVEG GUVIETAYUEVES
TOV YOPOKTIPA Kot 01 peTafAnTéG FromTileX,Y Kot toTileX,Y aviumpoo®wnehovy ta
tiles mov PBprokdTav Kot TOL TPOKELTOL VO TAEL O yopaktpas. Kotomy, péca otov
omAo PBpoyyo For ehéyyovpe OAa ovtd ta tiles kot av Ppebel kamowo «oteped» tile

(map.getTile(x, y) != null) emotpépel TNV T0M00EGi0 TOV.

5.2.2 Teyvikn x€1propod GLYKPOVGEMV

Mo va xotoddBovpe mog mpémel va xeplopocte 115 mOavEG GLYKPOLGELS, OG
Bewpncovpe to axdAovBo mapddetypa. Eotm Ot 0 yopaxtipog Kwveitor doymvia

TPOG T KAT® g1, OTMG QaiveTal amd TNV akdAovon eikova:
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-

g auTNV TNV TEPIMTMOOT 0 YOPOKTNPAG GLYKPOVETAL e dVO tiles (Tov avomapioTovV
ToV 10{Y0) TavTOHYPOVE. B0 UTOPOVCAHUE VO, LETOKIVIIGOVIE TOV YOPAUKTNPA TPOS TO
aploTEPE, £TOL MOTE VO PNV €PAmTETOL PE TOV ToiYo. Opme mwg Bo pmopovue va
Kataldafovpe 01t 1 dOpOwon mpémel va yivel pe v TomofETnon Tov YoPOKTNP
aplotepPd Kot Oyt TPOG Ta KAmTolo AAAY katevOLVON;

IMa va to katapépovpe avtd, yopiovpe v Kivnomn tov yapaktnpa ce 600 PEPT: GE
oplovta Kau o€ KaBetn kivnon. ‘Eotm 611 mpdta kivodue Tov yapoaktmpao oplovtia,
OTMG POIVETOL GTNV TOPAKATO EKOVAL:

Ymv mepintoworn ovty vrmoAoyilovpe v dOpbwon wg €ENG: Tomobetodue TOV
YOPOKTN PO TPOg TNV avtifetn katehBuvon and avtv pe v omoia NpOe (dniadr| Tov
tonofeTovpe aploTEPE) KOL TOV KAVOLUE VO €QPATTETOL UE TNV GKpn TovL tile mov

avamoploTé ToV ToiY0:
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Ymyv mopandve eikova PAémovpe v dopbouévn Béon ToL YopoKTAPA Yo TNV
ATOPLYN TNG CLYKPOLGNG UE TOV TOTY0. MaG QmOUEVEL VA YPTCLLOTOUCOVLE TNV 1010
TEYVIKN Y0 TNV KOTAKOPLOT KIVNoN TOL YOPOKTPQ, OT®G PAIVETAL GTNV TOUPAKAT®

EIKOVOL:

O yapaxtmpog apyilel va TEQTEL TPOG TO KATO Kot TOPOUTNPOVHE OTL dEV LILAPYOLV
dAdeg ovykpovoels. O KOOKOS TOV VAOTOLEL TOV YEPIGUO GVYKPOoVoEMV PploKkeTan
otlg  pnebodovg update(long elapsedTime) «o1 updateCreature(Coopa
creature, long elapsedTime) otnv kAdon Game. ' mopdaderypa pmopodpe va
dobue v 016pBmwon ™G ovvietaypévng X Tov YopokTpa péca amd v pEBodo
update(long elapsedTime):

float dx = player.getVelocityX();
float oldx = player.getX();
float newx = oldx + dx * elapsedTime;
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tile = getTileCollision(player, newx, player.getY());

it (tile == null){
player.setX(newx);

else {
// line up with the tile boundary
if (dx > 0) {
player.setX(
TileMapRenderer.tilesToPixels(tile.x) -
player.getWidth());

}

else if (dx < 0) {
player.setX(TileMapRenderer.tilesToPixels(1+tile.x));

}

player.collideHorizontal();

ELéyyooue av vapyet chykpovon pe v véa cuvtetoypévn X (newx) Tov YopoKTipo
pécw g pebooov getTileCollision(Player sprite, float newxX, float
newY) Kol oTnV TEPITT®ON 7OV dev LRAPYEL cvyKpovon Tote opilovpe ™V véa
ovvtetaypévn otov  ypnotn (player.setX(newx)). AM®G, eAéyyoope TNV
emtdyvvon (Yo vo dodpe v katevBuven Tov Elxe TPV O YUPOKTIPOS) dX,
evBuypappiovpe tov yapaktipa pe to 6pro Tov tile pe 1o omoio cuvykpoveTOL Kot
kalovpe v péBodo collideHorizontal() tov yoapoktipo. H pébodoc avtm
axwntonolel Tov yapoktnpa kol B€tel v petaAnt) collideHorizontal cg true
(xAéon Player).

Me mapopolo Tpomo StoyepllOHOoTE TNV GLVTETOYUEV Y TOL YOPAKTIPO KOl TMV

exBpav (Coopa).

5.2.3 Luykpovoeig pe vopiopoato Kot 0povg

O yapokTpog ToL Toyvidos eKTOG amd Ta tiles Tov AmoTEAOLV TOV XAPTN, HUTOopel va
ovykpovotel katl pe gxfpovg N pe vopiopata. Ta vopiopato vAomotovvtal amd TV
KAdom Coin kot ot gxfpoi and v KAdorn Coopa. Kat ot dvo kAdocelg kKAnpovopovuv
™V KAQoM Sprite. XtV €papuoyn mov avamtOHEAUE 0yVOOVLE TIC GUYKPOVGELS TOV

pumopovv va cupfovv petald ovo exfpav, aArd vroAoyilovpe TIG GVYKPOVGELS TMV
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exfpdv Kol TV VOHGHAT®V pE TOV YopakTipa. Avtd viomoteitor oty péBodo

isCollision(Player sl, Sprite s2) otnv KAdon Game:

/**

* Checks if the player collides with a sprite. Returns

* false iIf the two Sprites are the same. Returns false if

* one of the Sprites iIs a Creature that is not alive.

* @param s1 The player sprite.

* @param s2 The other sprite (coopa or coin).

*/

private boolean isCollision(Player sl1, Sprite s2) {
// it one of the Sprites is a dead Creature, return false
if (s2 instanceof Coopa && !'((Coopa)s2).isAlive()) {

return false;

e

// get the pixel location of the Sprites

int slx = Math.round(sl.getX());
int sly = Math_.round(sl.getY());
int s2x = Math.round(s2.getX());
int s2y = Math.round(s2.getY());

// check if the two sprites®™ boundaries iIntersect
return (slx < s2x + s2.getWidth() && s2x < sl1x + sl.getWidth() &&
sly < s2y + s2_getHeight() && s2y < sly + sl.getHeight());

210 OO TOV KAOOIKO TEPLYPAPOVUE TO TL KAVEL akpP®dG M cvvaptnon (yiveton
EAEYYOC OV TO TEPTYPOLLLO TOV XOPAKTAPO EPYETOL GE EMAPT UE TO TEPTYPOLLA TOV
€x0pov 1 Tov vopicHaTOg).

Onwg elyope avapéper mponyovpévmg, n kAdorn TileMap mepiéyet Ola to sprites
(dnAad" ta vopicpata kot Toug €x0povc) o pia Alota. [a va dovpe av Kamoo amd
VTGO CLYKPOVETAL LLE TOV YOPAKTIPO TOV TTALYVIOL0V, AR £EETALOVIE EVa-Eva OAOL TOL
otoyela g Alotog koAovtag Yo to  KaBéva omd avtd v péBodo
isCollision(Player sl1, Sprite s2). Avtdc o tpdémog PéPora dev eivar o
KaAOTEPOG duvaTog (Ba pmopovoayle .. va eELEYYQLE LOVO Ta sprites Tov Ppickovtan
0T0 0patd TUNHA TOV YAPTN), CAAL gival amAdg otV LAOTTOINGT. AVTA VAOTOLOVVTOL

omnv pébodo getSpriteCollision(Player sprite) oty KAdon Game:

/**
* Gets the Sprite that collides with the player Sprite,
* or null if no Sprite collides with the player Sprite.
* @param sprite The player sprite.
*/
private Sprite getSpriteCollision(Player sprite) {
// run through the list of Sprites
Iterator i = map.getSprites();
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while (i.hasNext()) {
Sprite otherSprite = (Sprite)i.next();
if (isCollision(sprite, otherSprite)) {
// collision found, return the Sprite
return otherSprite;

}

// no collision found
return null;

Me v oepd ™ 1 péBodog avty  koAeitow  amd v péBodO

checkPlayerCollision(Player player, boolean canKill) otmv kAdon Game:

/**
* This method checks if the player has collided with a sprite
* (a "coln®™ or a "coopa”).
* @param player The player of the game.
* @param canKill This boolean is true when the player can kill a "“coopa“.
* A "coopa” is killed by jumping on it.
*/
private void checkPlayerCollision(Player player, boolean canKill) {
// check for player collision with other sprites
Sprite collisionSprite = getSpriteCollision(player);
if (collisionSprite instanceof Coin) {
acquireCoin((Coin)collisionSprite);

else if (collisionSprite instanceof Coopa) {
Coopa badguy = (Coopa)collisionSprite;
if (canKill) {
try {
// play the sound when a "coopa® is killed
killCoopa.play(Q);
} catch (UnsupportedAudioFileException e) {
e.printStackTrace();
} catch (LineUnavailableException e) {
e.printStackTrace();

}
badguy.setState(Coopa.STATE _DYING);
player.setY(badguy.getY() - player.getHeight());

else {
// player dies! We can play a sound here, or reduce player lives
etc.

2NV TEPIMTOGN TOL O YAPUKTPOS GLYKPOVOTEL e vl VOLIOUO, TOTE KAAODUE TNV

nébodo acquireCoin(Coin coin) 1 omoio AQOPEL TO VOLUGHO amd TOV YAPTN Kot
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avaTOpPAYEL TO KOTAAANAO opyelo Myov. TNV TEPIMTOGN 7OV O YUPUKTPOGC
ovYKpovoTel pe €vav gxBpd eléyyovpe av pmopel vo Tov okotdoet (KAtL 1o omoio
yivetar povo av o yopakInpag Tpocyelwbel endve otov gxfpod). v mepinTmom OV
avtd aAnbevel, avamapdyovE TO KOTAAANAO apyeio Nyov kot e&aeaviCovpe tov
ex0p6 aAralovtag v katdotaon tov. Télog, falovpe v cwotn cvuvieTaypévn Y
GTOV YOPOKTH PO

2TV TEPINTMON TOL 0 YAPOKTIPUS GLYKPOVGTEL e TOV €xOPO Ko dgv pmopel vo Tov
OKOTMOEL, TOTE UTOPOVILE VO VAOTOMGOLLE TNV Hel®mON eVEPYELNS 1| TV aplOpd Tmv
Comv tov yopaktpa KTA. [Ipog to mapdv dev £0VLE LAOTOMCEL VAL YIVETAL KATL GE

VTNV TNV TEPITTOOT).

5.3 Teyvikég Y0 0TOKTN OGN TOV ATUPOITNTOV TOPO®V (resources) yio
TNV ONUIOVPYIC TOV TALYVIOL0V

Yndpyovv morhol TpOTOL Y10 VO ATOKTNOEL £VOS TPOYPOLUATIGTIS TOLYVIOIDV TOVG
TOPOVG TTOL Elvar amapaitnTol Yo TV dnpovpyia Tov. I'a wapddetypa, 1o S1adiktvo
TEPLEYEL TOAAEG 1OTOGEAIDEC TTOV TAPEYOLV ETOLUA YPAPIKE (Yo TOVS YOPOUKTNPES,
Tovg £xBpovs, T uTdvovg Ko ta tiles) kot mymrTikad €p€ [18]. Zvykekpuéva yior Tovg
YOPOUKTNPES KO TOVG KIVOUUEVOLG £XOPOVG, O TPOYPUUUATIOTNG TPEMEL VAL avalTNOEL
Jdrdoykég ewdves, ot omoieg ov mpoPAnBohv pe TV KATAAANAN YPpOVIKY GEPA
dnuovpyovv atov Beatn v yevdaicOnon g kivnong.

Metd and avalnmon o1o 010diKTVO TOPOTNPNCOUE TO YEYOVOS OTL 1] TOLOTNTO TMOV
YPUPIKADOV GLUGTATIKOV (OTMG 01 EIKOVES Y10 TOVS YOPAKTNPES) OEV NTOV 1 KAAVTEP
duvarr. Ot meplocdtepeg ekoOVeS lyav younAn avdivon kot ta pixel frav epeav.
Avotoymg, younAn MTav Kol 1 TodTnTe TV MNTIKov apyxeiov (kvpiog ta MIDI
apyeia) mov evromilope oTo d1adiKTLO.

E&aitiog tov 660V ava@épape mponyoupéves, KATAPUYULE GTNV ¥PNCULOTOINOT| LOG

GAANG TEXVIKNG, SUGKOAOTEPNG OTIV VAOTOINGT|, OAAL [LE KOADTEPO OMOTEAEGLOTOL.

5.3.1 Teyvikn Yo amOKTNON TOV YPUPIKAV GUGTUTIKAOV
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[Ma v andkmon TV YpaeIK®V GUGTATIKMOV TOL YPNCLOTOWCOUE CTNV EPOPLOYN

OV OVOTTTOEALE, YPNOYLOTOMGAUE TO EENG AOYIGLUKO:

O eEopowwtc zSNES [19]

To rom Tov mayvidov Super Mario All-Stars & World [20]

To mpoypappa Coypapikig mov PBpIicKeETol EVOOUOTOUEVO GE OAEG TIG
€KS00ELG TOL AerToVPYIKoV cuoTirotoc Windows (mspaint.exe)

To hoyiopkd maxéto Photoshop tg Adobe [21]

O e&fopowwtng zSNES eivan évoc eEopowwtg tov SNES (Super Nintendo

Entertainment System) mov Owtifeton dwpedv. Mmopel va ektedeotel oe MOAAEG

SPOPETIKEG TAATPOPUES KOl €tvar amd Tovg KaALTEPOLS eEopotwtég Tov SNES mov

VILAPYoLY amd TAEVPAS YPOPIK®OV. Ta YpaQikd TOL XPNCUYLOTOMGAUE GTNV EPAPLOYN

Lo to TPOUE (KAVOVTAG «Tip») YPNOLUOTOIMVTOS TOV €V AOY® €EOLOI®TH Kol TO rom

ue titho “ Super Mario All-Stars & World ™.

Mo v amdékmon g kdbe ewovag Ypoek®dv okoAovdndnke m &g oepd

Bnudrov:Extelodpue tov e€oporwm. [Inyaivovpe oto Config—> Video:

CONF IO CHERT, ETFLATY MLsC

LT,
LU,
LU,
LIUF T,
LAV,

AR —0OUS
CHIFE CE

ST LOUs

wIDED K
SOUND
FPATHS
SrvES

Hovemotiuio Maxedovias — IIMXE Tunuoros Epopuoouévng Iinpopopikng 85



Toobroiog EvBiuiog, «Game Development oe Javay

Emiéyovue tig pubuicelg “Super 2xSAI” kot “Hi-res Mode 7”7 yw v KoAdtepm

SLVATN OTEIKOVIOT] TOV YPOPIKADV:
>RNE SIS L CHERT, ETFLATY MLs06

VYIDEQ CONFEIG

SET

LEGEND :

S SCALEDC TO FIT SCREEN
R MATCHEDO SCREEMN RATIO
D ALLOW ZXSAL. HIRES.ETC

SCANLINES
B FuLLD s B 25/

TRIPLE BUFFERING

Z2XSAI ENGINE

SUPER ERGLE

SUPER ZXSAI g
INTERPOLATION B HR3X
HI-RES MODE 77
GRAYSCALE MODE B vsSYNC

Ymv mepintwon mov n oBovn pog oev eivar TFT tote m wpdtn emhoyn OBa eivan
OPKETH. TNV GLVEYELD POPTM®VOLLE TO rom Tnyaivovtog Game—> Load kot Bpickovpe

70 povomdrt Tov givar amodnkevpévo to rom. [atdpe Load kot Egxvaet To mayviot:
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Mze 1o mAfkTpo 2 agapovpe to 2° background layer kot n eucdva yiveton n e€ng:
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GOABNE @ T ELES X @
X B *x % 3-8 a} O]

€

Me 10 TAKTpO 3 agarpodue to 3° background layer kot gikova yiveton i €A

€

21V cvvéyela Totovpe to mAKTpo PrintScreen, avoiyovpe v epappoy MSPAINT
(mnyaivovtag omd v ypoupn epyacidv Start->Run—>Mspaint 1| Ppiokovidg to

anevdeiog amd TNV MoTo TPOYPOUUAT®V) Kol KAVOUUE ETKOAANON:
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Y 3.PNG - Paint

File Edit “iew Image Colors Help

Kotomy emiéyovpe v meployn mov Ppicketal o xopaKTnpos, TNV omobnkedove oe
AN ewcdva (L EMEKTACT png Yo Vo LTopel var £xel S1apaveg eOVTo) Kot aAlalovpe

TO POVTO TNG GE AGTPO YPDLLL:

Y 1.PNG - Paint

File Edit Wiew Image Colors Help

AoV amobnkeboovpe v gwova, v avoiyovpe pe 1o Adobe Photoshop. ‘Emeita
emAéyovpe 10 QOVTO TG HE TO gpyoreio “Magic Wand” ko pe 10 gpyadeio

u i opn TO POVTO, KOVOVTOC T )
“Background Eraser Tool” apyiovue va VOUUE TO POVTO, KAvovTo v eikova

Slapavn:
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Adobe Photoshop
File Edit Image Lawer Select Filter VYiew Window Help

. ## v | Brush: g - ‘lells [ contiauous V||Tulerance. s03 [» | []Pratect Foreqround Color |Samphng <Continuous -|

T 1.PNG @ 246% (Layer 0, RGB) D=

"Etot £ovpe v teAIKN €KoOvaL:

[Tpémer va onueidoovpe TG amodnKeHOLIE TNV TEAMKT €KOVA [E dloTAoEL 64x64
Y vo givorl icov daoctdoewmv pe Ta tiles, yioo voo unv eueoviotel kdmoo mtpofAnua
OTOV UNYOVIGHO EAEYXWV GUYKPOVGEMV.

Me mapopoto Tpdmo, GTAUATMOVTAG TOV YOPAKTIPO TOV ToYVIOOL KOOMOG TEPTATAEL 1)
KOvVEl GAAEG KIVIIOELG, UTOPOVUE VO TAPOVUE KOl TG GAAEG €wdves Yo va
dnuovpyncovpe To animation. O yoPAKTNPAG TOL TALYVISIOV EYEL GLVOMKE 8 g1KOVEC,
ol omoieg Ppiokovior otov @Aakero “resources\Mario pics”. Téhog, mpémer va
AVOPEPOVLLE TTMOG Y10 TG EIKOVES TMV £XOPOV KOl TOV VOLUGUAT®OV (To. 0ol KivovvTot

YOP® amd TOV €0VTO TOVG) OKOAOLONONKE 1 1010 TEYVIKT).

5.3.2 Teyvikn Yo TNV KOTOYpOO] KO S1HIovpyio TOV apyeimv 1)ov

Mo v xataypaen kot dSnpovpyio T@V apyeimv NYoL Tov YpNoLLoTomOnKay 6TV
epappoyn ypewaotke (pali pe tov €éopowwTn KOU TO rom TOL TOLVISOD TOL

AVOPEPOLLE TTPOTYOVLEVMG) KOt TO Aoyiopukd Audacity [22].
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To Audacity eivoar éva TPOYPOUUO TOV TOPEYETOL OWPEAV KOl EMTPEMEL TNV
amofrjkevon Tov Nyov mov avamapdyetal otov H/Y pag oe Eexympiotod apyeio. O Myog
umopet va mpoépyetor and 1o line-in, To midi-synth, to pikpdewvo kth. H teyvikn mov
aKoAovOOnKe Yo TNV GUAANYM TV YOV gival 1 €ENG:

Extelodpe to Audacity kot emidéyovpe 610 KatdAinio miaiclo to “Wave/Mp3” kot

motdpe to kovuni Record:

& !uaamfy

File Edit ‘Wiew Project Generate Effect  Analyze Help

N E)s £ =) 8)

0.0 2|Stop 30 4.0 50 W

| ma ] o]

X |Audio Track [ 1.0
Mono, 44100Hz
16-hit

0s

Mute Sola 0.0
I_. i J:I. i :'-I _DS
L:R -1.0

Audacity Mixer Toolhar

+

|1:)r....r3..... AT T |WavePs =l

Audacity Meter Toolbar

Avotyovpe tov e£opowmtn Kot poptdvovpe to matyviol. Kabdg to maryvidt exteleitan,
gyoope v Ovvarotnto pe to mANkTpo FS5  péypt ko FI12  pmopodue va
QEVEPYOTOIOVUE TO KavAAlw Myov mov emBvuovue. Ileppuévoops péypt va
OKOVCOVUE TO MYNTIKO €PE N TO KOUUATL MoV Tov emiBoupodue kol PETA Pyaivovpe
ano tov géopowmtn. IInyaivoope oto Audacity kot BAémovpe to TL €Yel KaTaypoet
péypt eketvn v otyun. Hotdpe Stop, petd Eexwpilovpe to péPog mov BEAOLLE Kot
ue cut, File>New kou paste €govpe v emloynq poag o€ yoplotd apyeio. TELog

anyoivoope File>Export As WAV kot anobnkevovpe 1o apyeio pe to dvopo mov
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emBopodpe. H swdva mov axolovbel deiyvel éva emieypévo amdcmocuo amd pio

KOTOYPOLPY] NYNTIKOV KOUUATIOV:

ﬁ

File Edit View Project Gererate Effect Analyze Help

= n B U [
pex E)@)M) )W) GgEi spE w B -

19.0 200 21.0

Ta MMTIKG KOUUATIO TTOV YPNCUYLOTOCAUE GTO oty Vvidl Bpickovtal 6Tov AaKeLo

“resources/Mario sounds”.
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KE®AAAIO 6

YounepaopoTo
6.1 AmapiOunon TV TEYVIKOV OV pereTONKAV

Ymv  gpyocio ovT| UEAETAGOUE TEYVIKEG MOV  YPNOCLUOTOOVVTAL YL  TOV
TPOYPOUUATIGUO TOLYVIOIDV. AVAQOpPKE LE TNV YpNon TANPovg 0Bovng Kot To
buffering, avoAvOnkav ot e&Ng teyvikés:

o Teyvikéc Yo amokAEIoTIKN AgrTovpyia TApovg 006vng

o  Teyvikéc yuo TNV pOOUIGT TOL TPOTOL ATEIKOVIONG

o Teyvikéc ywo To evepynTko rendering

e  Teyvum duthov buffering kot ypiyopng evarloyne ceAidoog

o Teyvikéc 7y v ypnon 1tV KAdcewv BufferStrategy Kot
BufferCapabilities

Koatoémv  peremnkav teyvikée mov  a@opobv TNy OlodpacTiKOTNTO Kol TNV
EMKOVOVIOL LE TOV YPNOTI. ZVYKEKPEVO UEAETNONKE M TEYVIKY] YOO TNV GUAANYN
OA®V TOV YEYOVOT®OV KOL 1) TEXVIKY Y10 TNV Olayeipion TV yeyovotmv TANKTPOAOYioL.
2V ocvvéxeln peAeTONKOV TEYVIKEG TOV APOPOVV TNV OlaXEIPIOT TOL NYOL GTNV
Java. A@o0 avaeépape TIC TEXVIKEG Y TNV OyEIpIon TOL YNOLKOD MNYOV,
TPOYWPNCOLUE OTIS TPOYPOUUUATIOTIKEG TEXVIKES OLYEIPIONG TOVL. XVYKEKPIUEVOL
peletnOnKov ot €ENG TEYVIKES:

o Teyvikn vy TV amOKTNGN EVOC UiKTN

o Teyvun 7y ™V amdkon ypopuns Koatevbeiov omd v KAdom

AudioSystem kot and Evav Uik

o Teyvin vy v dayeipion twv Clip Kot TV SourceDataline

o  Teyvum v pOpT®OT KO Avamopoy®yN apyEiwv 1xov

o  Teyvum v atéppovo looping tov apyeiwv Nyov

o Teyvikn Yo TOV TEPUATIGUO TNG OVOTOPOYMYNS TOL apyeiov Nxov
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Emiong, pelemoape teyvikég ywoo v omuovpyio €vog OO1AGTATOL  TOLYVIOLOD
TAOTQOPUOG. ZVYKEKPIUEVO UEAETHCOUE TIG €ENG TEYVIKEG Yo TNV dNUovpyio. Tov
XOPTN:

o Teyvikn dwyeiprong kot teyvikn ompovpyiog tov tile-based yapt

o Teyvikn OPT®ONG KOL TEXVIKT] AMEKOVIONG TOL YAPTN

o  Teyvuin v TOpIAANAN LETOKIVIION TOV POVTIOV

AxoA00ONGCE HEAETN TOV TEYVIKOV EVTOMIGHOD KOl XEPICUOV GLYKPOVGEWMY, KOOMG
EMIONG Kol avAQOPE OTIS TEYVIKEG TOL YPNCUYLOTOMGAUE YL TNV OTOKINGT T®V

AmOPOITNTOV TOPWV Y10, TNV ONUOVPYIR TOV ToyViooD.

6.2 Avokoligc otV VAOTOINOY

Koatd v ddpreto avantuéng Tov Aoyiopuikoh mov ONUIOVPYNOULE GTO TANICLO TNG
ePYaciaG, GLVOVTNCOUE OPKETES OLGKOAIEG 6TNV VAoToinon. H peyaivtepn dvokoria
evtomOtay 61OV TPOTO GUVOEONG Kol OAANAETIOpaconS Tov KAdoewv. Ot KAAGELS
UTOPOVV VO TOPOUOIOGTOVV GOV T, YPOVACLO LG UNYOVIG TTOL TTPETEL VO EPATTOVTOL
YL VO AEITOVPYNGEL 1| UNYovy 1 ooV to. KOoppatio, evog malA, to omoio givor OAx
amopoiTnTo Yo vo SOVLLE TNV TEMKT EKOVA.

Ympyov emiong dvokoiieg otov Kabopiopd Tov animation TOL YOPOKTIPO, OE
ocuvdptnon pe v €i60d0 dedopévav and 10 TANKTpoAdYlo. [a mapdodetypa, Enpene
va yivetol 6€ 6moTd YpOVO 1 CAAOYN TNG EIKOVAG TOVL YOPAKTNPOS, £TCL MOTE VO
Qoivetor peaAloTikn M petakivnorn tov Otav mepratdel. Emiong, 60ckoAn nrov n
vlomoinom g TEYVIKNG amewdviong tov tile-based ydaptn, kabdg emiong kot o

EVIOTIGUOG KO O YEPIGUOC TOV GUYKPOVGEMV.

6.3 IIpotaceig Yo pedhovtikny avamtodn

Yrdpyovv apketd otoryeio Ta omoio Bo EKovay akOpa o TANPES TO AOYIGHIKO TOV
avantoéope oto mAaiclo TG OWAMUATIKAG  €pyaciag, OoAAL SvoTuXDG Oev

viomomOnkav. Ta wo onuavikd and ovtd to ototyeio eivar Ta €ENG:
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e  Anuovpyia piog etcaymykng 086vng, n onoio O wapéyel TOAAES EMAOYEG
oToV YpNot HEcw evag pevov. Ta mopdaderypo, PmwopodUe Vo TapEYOVLE
GTOV YPNOTN TNV SLVVATOTNTA CAAAYNG TOV TANKTIPOV TOV TTALYVIO0V, TNV
duvaTdtTa EMAOYNG TNG avdAlvong mov Ba ypnoonolel To matyvidl, v
eupdvion gvog mivaka pe to high-score kTA.

e Epepdavion tov dwbéciuwv (odv Tov yopoktpa Kol Tov aplfpod Tov
VOUIGUAT®V TOL GLAAEYEL.

e EmmAiéov mictec, dwapopetikd tiles oe kébe mioto (| KOGHO), BOTE TO
Ty vidl va yivel mo eAKVOTIKO.

o Ilepiocdtepoug Kot S10QOPETIKOVG €XOpovG Ol 0moiol PUmopovv va €xovv
neplocoOTEPN vonuoovvny (Ty. va okoAovBoOV TOV YOPOKTIPO TOV
TOLYVIO00) Kot TEPLGGOTEPO UTOVOVGS (TT.). OGTEPAKIO TOV KANGTOVV TOV
YOPAKTIPO ATPMTO Y10, EVOL GUYKEKPLUEVO YPOVIKO SLACTNLAL).

e Anuwovpyio gvog map-editor yioo v ypnyopn Kot €OKOAN Onpiovpyio
YOPTOV, COLPOVO, LE TIG TPOTIUNGELS TOV YPNOTY.

e Anuovpyia evog evydploTov PIVAAE.
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KE®AAAIO 7

Hopaptnpo

210 mapaptua mepthapfavetor o odypaupa kAdoewv oe UML, o Kddwkog tmv
KAMoewv G epoppoyns, poll pe to ovvodevtikd  €yypago  javadoc mov
onuovpynoope. Ta éyypaga javadoc Ppiokovtar otov @dxelo “javadoc” ToL

ovvooevuTtikov CD. Mopaxdatw PAETOoVUE TNV 1EpapYio TOV KAAGEDV:

Class Hierarchy

o java.lang.Object

Animation

AudioWrapper

Game

InputManager (implements java.awt.event.KeyListener)

Player
ScreenManager

Sprite

o Coin

o Coopa
o TileMap
TileMapRenderer
o TilesResources

O O O O 0 o0 o

o

[Mapatnpodpe 6t KAnpovopwkodtnta vedpyet povo otig kidoeg Coin kot Coopa, ot
omoieg kKAnpovopovv v KAdor Sprite.

H dnuovpyia tov dwypdppatoc tov kAdcewv oe UML €ywve pe v Ponbewa tov
hoywopkov Together Architect 2006 g Borland. T'a tov k®oika towv khdcemv
axorovOncape v €€ng texvikn: Xpnowomowwvtag to Intellij IDEA emiéEape File>
Export to HTML kot amofnkevcapue 0AOKANPO TOV TNY0L0 KOJIKA GE LOPPOTOMUEVT|
HTML popon. X avt|v v HOpeY] 0 KOIKAG £ivol TEPIGGOTEPO ELAVAYVOGTOG,
vyt otnpel TNV HOPEOTOINGN Kol TO YPOUOTO YPOUUOTOGEPHS Tov €xel &8’
optopov kat o Intellij IDEA. O kodwag oe HTML popen Bpicketon amodnkevpévoc

pésa otov eakeio “html” Tov cuvodevtikov CD.
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INo v dnuovpyio tov javadoc emhé€ape Tools—>Generate JavaDoc kot spPéleia,
Package. Ta oapyeia Ppiokovior amoOnkevuévo otov @dkero “‘javadoc” Tov

ocvvoodevtikov CD.
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7.1 Avdypoppa khacsewv g UML

H oeAida mov akorlovBel aneucovilel To didypappa tov kKAdoewv oe UML:
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Sprite

anirm
b
dy

Sprite
update
geb\Wwidth
getHeight
getvelocity
getvelocityy
setvelociby
setWelocityy
gekImage
clone

x

TilesResources

Animation

tiles

player
coinSprite
coopaspribe

frames
currFramelndes:
animTime
tokalCuration

TilesResources
loadTileImages
loadImage

loadMap

addSprite
loadPowerUpSprites

loadEnemySprites

Animation
Animation
clone
addFrame
skart
update
getImage

Coopa

Coin

Coin
clone

DIE TIME

STATE MORMAL

STATE DYIMNG
STATE DEAD
mose

dead
skateTime

Kepd ifanar
InputManager

spribe
SCreen

jurnp
right_Pressed
left_Pressed
jump_Pressed
escapePressed

AudioWrapper

getFrame

AnirnFrame

Coopa

clone
getMaxSpeed
wakelUp

isalive
collideHorizonkal
collidevertical
update

audioFarmat
info

data

clip

Audicwrapper
play
playForever

loadStream

skate

InputManager
isEscapePressed
keyTyped
keyPressed
keyReleased

Player

JUMPIMG_RIGHT
JUMPIMG_RIGHT _STILL
FALLIMG_RIGHT
FALLIMG_RIGHT_STILL
JUMPING_LEFT
JUrAPIMG_LEFT_STILL
FALLIMG_LEFT
FALLIMG_LEFT_STILL
W ALK _RIGHT
WALK_LEFT
STILL_RIGHT
STILL_LEFT

Jurnping

Falling

Right:

JUrMP SPEED
anGround

tirne

images

image_inde:x

counker

counkerz?

di

dy

Plawer

clone
load_Images
update
getImage
sek_Jumping
isJurnping
isFalling
getwidch
getHeight
getvelocitys

getvelocityy
setielocibyy
setvelocityy
isCollideHorizontal
isCollidetertical
collideHorizontal
collidevertical

¥
collidetertical
state

x
collideHorizontal

TileMap

kiles
sprites

TileMap
get'Width
gekHeight
gekTile
setTile
addSprite
removeSprite

layer

ScreenMManager

device
oldDisplayMode

Screentanager
gekScreenbevices
getDefaulkScreenDevice
findFirstCompatibleMode
getCompatibleDisplayMades
getCurrentDisplayMode
displayModesMatch
setFullScreen
gekiGraphics

update
getFullScreenywindow
gekwidth

getHeight

restoreScreen

createCompatiblelmage

Game

POSSIBLE MODES
screen
inputManager
poinkCache

map

renderer

gekCain

kil Coopa
backgroundMusic
elapsedTime
GRAVITY

TileMapRenderer

main

loadImage

run

hideCursor
loadSounds
stopSounds
animationLoop
update
updateCreature
getTileCollision
checkPlayerCollision
acquireCoin

draw
getTileCollision
isCollision
gerspriceCollision

TILE SIZE
TILE SIZE EITS

pixelsTaTiles
pixelsToTiles
tilesToPixels
draw

background
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7.2 H xAGon Animation

7.2.1 K®@dwkag tng Khaong

O Kddwkog TG KAAong eivon 0 €€ng:

import java.awt.Image;
import java.util_ArraylList;

/**

* The Animation class manages a series of images (frames) and
* the amount of time to display each frame.

*/
public class Animation {

private ArrayList<AnimFrame> frames;
private int currFramelndex;

private long animTime;

private long totalDuration;

/**
* Creates a new, empty Animation.
*/
public Animation() {
this(new ArrayList<AnimFrame>(), 0);
}

/**
* Creates a new Animation, with a list of frames and its total
duration.
* @param frames The list of frames that make the animation.
* @param totalDuration The total duration/time of the animation.
*/
private Animation(ArrayList<AnimFrame> frames, long
totalDuration) {
this.frames = frames;
this.totalDuration = totalDuration;
start();

/**
* Creates a duplicate of this animation. The list of frames
* are shared between the two Animations, but each Animation
* can be animated independently.
*/

@SuppressWarnings({"'CloneDoesntCal ISuperClone’})

public Object clone() throws CloneNotSupportedException {

return new Animation(frames, totalDuration);
}

/**
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* Adds an image to the animation with the specified
* duration (time to display the image).
* @param image The image that is added.
* @param duration The duration of the image that is added.
*/
public synchronized void addFrame(lmage image,
long duration)

{
totalDuration += duration;
frames.add(new AnimFrame(image, totalDuration));
}
/**
* Starts this animation over from the beginning.
*/

public synchronized void start() {
animTime = 0;
currFramelndex = 0;

/-k-k

* Updates this animation®s current image (frame), if

* that 1S necessary.

* @param elapsedTime The time that has elapsed. This parameter
* is needed to check whether the animation®s next frame will

* be displayed.

*/

public synchronized void update(long elapsedTime) {

if (frames.size() > 1) {
animTime += elapsedTime;

it (animTime >= totalDuration) {
animTime = animTime % totalDuration;
currFramelndex = 0;

}
while (animTime > getFrame(currFramelndex).endTime) {
currFramelndex++;
}
}
}
/**

* Gets the Animation®s current image. Returns null if this
* animation has no images.
*/
public synchronized Image getlmage() {
if (frames.size() == 0) {
return null;

}
else {

return getFrame(currFramelndex) . image;
}
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/**
* Returns the AnimFrame object that is in the i-th
* position of the "frames™ array list.
* @param i1 The current position of the array list (Qframes.
* @return The AnimFrame object that lies in the i1-th position of
* the "frames™ array list.
*/
private AnimFrame getFrame(int 1) {
return frames.get(i);
}

/**
* The AnimFrame class relates an image with some time.
* The time is held in the endTime parameter of the
* constructor.
*/
private class AnimFrame {

Image image;
long endTime;

public AnimFrame(lmage image, long endTime) {
this.image = image;
this.endTime = endTime;

7.2.2 To JavaDoc g kAdonG
AxorovBei To JavaDoc ¢ kAhdong:

public class Animation
extends java.lang.Object

The Animation class manages a series of images (frames) and the amount of time to
display each frame.

Constructor Summary

Animation()
Creates a new, empty Animation.

Method Summary

void addFrame(java.awt.Image image, long duration)
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Adds an image to the animation with the specified
duration (time to display the image).

Java.lang.Object | clone()
Creates a duplicate of this animation.

Java.awt. Image getlmage()
Gets the Animation's current image.

void start()
Starts this animation over from the beginning.

void ypdate(long elapsedTime)
Updates this animation's current image (frame), if that is
necessary.

Constructor Detail

Animation

public Animation()
Creates a new, empty Animation.

Method Detail

clone
public java.lang.Object clone()
throws java.lang.CloneNotSupportedException
Creates a duplicate of this animation. The list of frames are shared between the
two Animations, but each Animation can be animated independently.
Overrides:
clone in class java.lang.Object

Throws:
Java.lang.CloneNotSupportedException

addFrame
public void addFrame(java.awt. Image image,
long duration)
Adds an image to the animation with the specified duration (time to display
the image).
Parameters:
image - The image that is added.
duration - The duration of the image that is added.
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start

public void start()
Starts this animation over from the beginning.

update

public void update(long elapsedTime)
Updates this animation's current image (frame), if that is necessary.
Parameters:
elapsedTime - The time that has elapsed. This parameter is needed to check
whether the animation's next frame will be displayed.

getlmage

public java.awt.lImage getlmage()
Gets the Animation's current image. Returns null if this animation has no
images.
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7.3 H xhaon AudioWrapper
7.3.1 Kodwkag g khaong

import java.io.*;
import javax.sound.sampled.*;

/**

* This class plays ".wav" audio files
*/

public class AudioWrapper {

private AudioFormat audioFormat;
private DatalLine.Info info;
private byte[] data;

private Clip clip;

// The constructor does nothing.
public AudioWrapper(Q) { }

/**
* The play() method starts the playing of the wave file.
*/
public void play() throws UnsupportedAudioFileException,
LineUnavailableException {
it (clip '= null) {
stopQ);

clip = (Clip)AudioSystem.getLine(info);
clip.open(audioFormat, data, 0, data.length);
clip.start();

/**
* The playForever() method loops the wave file forever.
*
/
public void playForever() throws UnsupportedAudioFileException,
LineUnavailableException {
it (clip '= null) {
stopQ);

clip = (Clip)AudioSystem.getLine(info);
clip.open(audioFormat, data, 0, data.length);
// loop forever
clip.loop(Clip.LOOP_CONTINUOUSLY);

/**
* |If the sound is playing, It stops the sound.
*/
public void stop() throws UnsupportedAudioFileException,
LineUnavailableException {

Hovemotiuio Maxedovias — IIMXE Tunuoros Epopuoouévng Iinpopopikng 105



Toobroiog EvBiuiog, «Game Development oe Javay

ifT (clip '= null){
clip.stop(Q);

// set the clip to null
clip = null;

/**
* Loads the specified wave Tile.
* @param FileName The filename and the path of the wave file.
*/
public void load(String fileName) throws Exception {
// dispose previous clip if was loaded
//noinspection EmptyCatchBlock
try {
ifT (clip '= null){
clip.stopQ;
}

catch (Exception ex) { }

// initialize the members to null
this.audioFormat = null;

this.info = null;
this.data = null;
this.clip = null;

// We read all bytes to BytelnputStream first then use it
// as a source stream. We probably could stream directly
// from files but then must use FIS opened for longer time.
FilelnputStream fis = new FilelnputStream(fileName);
InputStream is = loadStream(fis);

AudiolnputStream ais = AudioSystem.getAudiolnputStream(is);
fis.close();

this.audioFormat = ais.getFormat();

int size = (int)(this.audioFormat.getFrameSize() *
ais.getFrameLength());

this.info = new DataLine.Info(Clip.class, this.audioFormat,
size);

this.data = new byte[size];

//noinspection ResultOfMethodCalllgnored

ais.read(this.data, 0, this.data.length);

}

/**
* Loads the stream to a ByteArraylnputStream.
* @param is The iInput stream.
*/
private ByteArraylnputStream loadStream(InputStream is) throws
I0Exception {
ByteArrayOutputStream baos = new ByteArrayOutputStream();
byte data[] = new byte[1024];
for(int 1 = is.read(data); i1 = -1; 1 = is.read(data)) {
baos.write(data, 0, 1);
}
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baos.close();
return new ByteArraylnputStream(baos.toByteArray());

7.3.2 To JavaDoc g kAdong

AxolovBel amooracua and to JavaDoc tng kAdong:

public class AudioWrapper
extends java.lang.Object

This class plays ".wav" audio files

Method Summary

void Joad(java.lang.String fileName)
Loads the specified wave file.

void play()
The play() method starts the playing of the wave file.

void playForever()
The playForever() method loops the wave file forever.

void stop)
If the sound is playing, it stops the sound.

Method Detail

play
public void play(Q)

throws javax.sound.sampled.UnsupportedAudioFileException,
Javax.sound.sampled.LineUnavailableException

The play() method starts the playing of the wave file.

Throws:
Javax.sound.sampled.UnsupportedAudioFileException
Javax.sound.sampled.LineUnavailableException

playForever
public void playForever()
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throws
Javax.sound.sampled.UnsupportedAudioFileException,
Javax.sound.sampled.LineUnavailableException

The playForever() method loops the wave file forever.

Throws:
Javax.sound.sampled.UnsupportedAudioFileException
Javax.sound.sampled.LineUnavailableException

stop

public void stop()
throws javax.sound.sampled.UnsupportedAudioFileException,
Javax.sound.sampled.LineUnavailableException

If the sound is playing, it stops the sound.

Throws:
Javax.sound.sampled.UnsupportedAudioFileException
Javax.sound.sampled.LineUnavailableException

load
public void load(Java.lang.String fileName)
throws java.lang.Exception
Loads the specified wave file.
Parameters:
fileName - The filename and the path of the wave file.

Throws:
Java.lang.Exception
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7.4 H xhaon Game
7.4.1 Kodwkag g Khaong

import java.awt.*;

import java.awt.image.Bufferedlmage;

import java.util.lterator;

import javax.swing.*;

import javax.sound.sampled.UnsupportedAudioFileException;
import javax.sound.sampled.LineUnavailableException;

/**
* This is the main class of the game. It contains
* the animation loop of the game and the methods
* needed to properly handle the collision detection.
*/
public class Game{

/**
* Calls the run() method.
*/
public static void main(String args[]) {
Game test = new Game();
test.run();

}

// The possible display modes of the game.
private static final DisplayMode[] POSSIBLE_MODES = {
new DisplayMode(1024, 768, 32, 0),
new DisplayMode(1024, 768, 24, 0),
new DisplayMode(1024, 768, 16, 0),
new DisplayMode(800, 600, 32, 0),
new DisplayMode(800, 600, 24, 0),
new DisplayMode(800, 600, 16, 0),
new DisplayMode(640, 480, 32, 0),
new DisplayMode(640, 480, 24, 0),
new DisplayMode(640, 480, 16, 0)
}:

private ScreenManager screen;

private InputManager inputManager;
private Point pointCache = new Point();
private TileMap map;

private TileMapRenderer renderer;
private AudioWrapper getCoin;

private AudioWrapper killCoopa;

private AudioWrapper backgroundMusic;

long elapsedTime;
public static final float GRAVITY = 0.002F;

/**
* Loads the image with the specified filename.
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* @param FileName The path and filename of the image.
*/
private Image loadlmage(String fileName) {
return new Imagelcon(fileName).getimage();
}

/**

* The run() method does all the necessary actions for
initializing the game. It tries one by one the possible
display modes and applies the first one which matches.
It creates the player sprite, the input manager, the
tiles resources & the tile map renderer. It also calls
methods for loading the sounds, hiding the cursor and
finally starts the animation loop.

*OoX % ok % X

*/
public void run(Q) {
screen = new ScreenManager();
try {
DisplayMode displayMode =
screen.findFirstCompatibleMode (POSSIBLE_MODES) ;
screen._setFullScreen(displayMode);

Player sprite = new Player();

inputManager = new InputManager(sprite, screen);

TilesResources tilesResources = new
TilesResources(sprite);

renderer = new TileMapRenderer();

renderer .setBackground(loadImage(''resources/background/canada. jpg‘));
map = tilesResources. loadMap(‘'resources/map/mapl.txt™);
loadSounds();
hideCursor();
animationLoop();

catch (Exception e) {
e.printStackTrace();

} finally {
screen.restoreScreen();

}

/**
* This method hides the cursor from the screen
* by creating an invisible one. We have to do this
* manually, because the Java APl does not include
* something like that.
*/
private void hideCursor() {
Bufferedlmage image = new Bufferedlmage(l, 1,
BufferedImage.TYPE_INT_ARGB);

Cursor invisible;
Point point = new Point(0, 0);
invisible =
Toolkit.getDefaultToolkit() .createCustomCursor(image, point, null);
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JFrame frame = screen.getFullScreenWindow();
frame.setCursor(invisible);

/**
* This method loads all the sounds of the game,
* except the "jump® sound which is loaded in the
* InputManager class, for practical reasons.
*/
private void loadSounds() throws Exception {
// The background music
backgroundMusic = new AudioWrapper();
backgroundMusic. load("'resources/mario sounds/stagel.wav'');
backgroundMusic.playForever();

// The music which is played when a "coopa® is killed
killCoopa = new AudioWrapper();
killCoopa.load("'resources/mario sounds/jump_on_turtle.wav');

// The music which is played when the player acquires a

coin
getCoin = new AudioWrapper();
getCoin.load(*'resources/mario sounds/coin.wav'");
}
/-k-k
* Stops the sounds before we exit our application.
*/

private void stopSounds() throws LineUnavailableException,
UnsupportedAudioFileException {
backgroundMusic.stop();
killCoopa.stop();
getCoin.stop();

}

/-k-k
* The animation loop of the game. The animation of the game is
* time-based. It calls the update() method with the time that

has

* elapsed. It also calls the draw() method and updates the
screen by

* changing the buffers (by calling the update() of the Screen
Manager

* class).

*/

public void animationLoop() {
long currTime = System.nanoTime()/1000000;

//noinspection InfiniteLoopStatement

while (true) {
elapsedTime = System.nanoTime()/1000000 - currTime;
currTime += elapsedTime;
update(elapsedTime);

// draw and update the screen
Graphics2D g = screen.getGraphics();

Hovemotiuio Maxedovias — IIMXE Tunuoros Epopuoouévng Iinpopopikng 111



Toobroiog EvBiuiog, «Game Development oe Javay

draw(g);
g-dispose();
screen.update();

if (inputManager.isEscapePressed()){
try {
stopSounds();
} catch (LineUnavailableException e) {
e.printStackTrace();
} catch (UnsupportedAudioFileException e) {
e.printStackTrace();

}
}
// noinspection EmptyCatchBlock
try {

Thread.sleep(1);

}
catch (InterruptedException ex) { }

/**
* Updates the state of the game/animation based on the
* amount of elapsed time that has passed. It applies
* gravity, gets the collisions of the player and removes
* the dead "coopas”.
*/
public void update(long elapsedTime) {
Point tile;
new Point();
Player player = map.getPlayer();

// Apply gravity
player.setVelocityY(player.getVelocityY() + GRAVITY *
elapsedTime);

float dx = player.getVelocityX();

float oldx = player.getX();
float newx = oldx + dx * elapsedTime;

tile = getTileCollision(player, newx, player.getY());

if (tile == null){
player.setX(newx);

else {
// line up with the tile boundary
if (dx > 0) {

player.setX(
TileMapRenderer_tilesToPixels(tile.x) -
player.getWidth());

}

else if (dx < 0) {
player.setX(TileMapRenderer.tilesToPixels(1+tile.x));

}
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player.collideHorizontal();

// change y

float dy = player.getVelocityY();

float oldY = player.getY();

//5F is needed for mario®"s height (69pixels - 64 = 5)
float newY = oldY + dy * elapsedTime +5f;

tile = getTileCollision(player, player.getX(), newY);

it (tile == null) {
player.setY(newY);

}

else {
// line up with the tile boundary
if (dy > 0) {

player.setY(
TileMapRenderer.tilesToPixels(tile.y) -
player.getHeight());
}

else if (dy < 0) {
player.setY(TileMapRenderer.tilesToPixels(tile.y +

1));
}
player.collideVertical();
boolean canKill = (oldY < player.getY());
checkPlayerCollision(player, canKill);
player.update(elapsedTime);
// update other sprites
Iterator i = map.getSprites();
while (i.hasNext()) {
Sprite sprite = (Sprite)i.next();
if (sprite instanceof Coopa) {
Coopa creature = (Coopa)sprite;
ifT (creature.getState() == Coopa.STATE_DEAD) {
i.remove();
}
else {
updateCreature(creature, elapsedTime);
}
}
// normal update
sprite.update(elapsedTime);
}
}
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/**
* Updates the creatures by applying gravity & checking
* collisions.
* @param creature The creature which will be updated.
* @param elapsedTime The time that has elapsed.
*/
private void updateCreature(Coopa creature, long elapsedTime) {
// apply gravity
creature.setVelocityY(creature.getVelocityY() + GRAVITY *
elapsedTime);

// change x
float dx = creature.getVelocityX();

float oldX = creature.getX();
float newX = oldX + dx * elapsedTime;
Point tile = getTileCollision(creature, newX,

creature.getY());

it (tile == null) {
creature.setX(newX);

else {
// line up with the tile boundary
if (dx > 0) {
creature.setX(
TileMapRenderer.tilesToPixels(tile.x) -
creature._getWidth());

}
else if (dx < 0) {
creature.setX(
TileMapRenderer.tilesToPixels(tile.x + 1));

}
creature.collideHorizontal();
}
// change y

float dy = creature.getVelocityY();
float oldY = creature.getY();
float newY = oldY + dy * elapsedTime;
tile = getTileCollision(creature, creature.getX(), newY);
if (tile == null) {
creature._setY(newY);

else {
// line up with the tile boundary
if (dy > 0) {

creature.setY(
TileMapRenderer._tilesToPixels(tile.y) -
creature.getHeight());

}
else if (dy < 0) {
creature.setY(
TileMapRenderer._tilesToPixels(tile.y + 1));

}

creature.collideVertical();
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/**

Checks whether there is a collision with a tile by
inspecting the new coordinates of the sprite.

@param sprite The Coopa sprite.

@param newX The new x coordinate of the Coopa sprite.
@param newY The new y coordinate of the Coopa sprite.

ok F %

*/

private Point getTileCollision(Coopa sprite, float newX, float
newY) {

float fromX

float fromY

float toX

float toY

Math.min(sprite.getX(), newX);
Math.min(sprite.getY(), newY);
Math.max(sprite.getX(), newX);
Math.max(sprite.getY(), newY);

// get the tile locations

int fromTileX = TileMapRenderer._pixelsToTiles(fromX);

int fromTileY = TileMapRenderer._pixelsToTiles(fromY);

int toTileX = TileMapRenderer.pixelsToTiles(toX +
sprite.getWidth() - 1);

int toTileY = TileMapRenderer.pixelsToTiles(toY +
sprite._getHeight() - 1);

// check each tile for a collision
for (int x=fromTileX; x<=toTileX; x++) {
for (int y=fromTileY; y<=toTileY; y++) {
if X <0 |] x> map.getWidth(Q ||
map.getTile(x, y) = null)

// collision found, return the tile
pointCache.setLocation(Xx, Y);
return pointCache;

}

// no collision found
return null;

/**
* This method checks if the player has collided with a sprite
* (a "coin® or a "coopa”).
* @param player The player of the game.
* @param canKill This boolean is true when the player can kill a
"coopa” .
* A "coopa” is killed by jumping on it.
*/
private void checkPlayerCollision(Player player, boolean canKill)
// check for player collision with other sprites
Sprite collisionSprite = getSpriteCollision(player);

if (collisionSprite instanceof Coin) {
acquireCoin((Coin)collisionSprite);

else if (collisionSprite instanceof Coopa) {

Hovemotiuio Maxedovias — IIMXE Tunuoros Epopuoouévng Iinpopopikng 115



Toobroiog EvBiuiog, «Game Development oe Javay

Coopa badguy = (Coopa)collisionSprite;
ifT (canKill) {
try {
// play the sound when a "coopa” is killed
killCoopa.play(Q);
} catch (UnsupportedAudioFileException e) {
e.printStackTrace();
} catch (LineUnavailableException e) {
e.printStackTrace();
}

badguy.setState(Coopa.STATE_DYING);
player.setY(badguy.getY() - player.getHeight());

else {

// player dies! We can play a sound here, or reduce

player lives etc.

}
}

/**
* This method is called when a "coin® was acquired.
* 1t playes the appropriate sound and then removes the
* coin from the map.
* @param coin The coin that was acquired.
*/
private void acquireCoin(Coin coin) {
// remove it from the map
map . removeSprite(coin);
try {
// play the sound of a coin
getCoin.play(Q);
} catch (UnsupportedAudioFileException e) {
e.printStackTrace();
} catch (LineUnavailableException e) {
e.printStackTrace();
}

/**

* The draw() method draws the map on the screen.

* @param g The screen Graphics object.

*/

public void draw(Graphics g) {

renderer .draw((Graphics2D)g, map, screen.getWidth(),
screen.getHeight());

}

/-k-k

* Gets the tile that a Sprites collides with. Only the

* Sprite"s X or Y should be changed, not both. Returns null
* 1T no collision iIs detected.

* @param sprite The player sprite.

* @param newX The new Xx coordinate of the player.
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* @param newY The new y coordinate of the player.

*/

private Point getTileCollision(Player sprite, float newX, float

newY) {

float fromX
float fromY
float toX
float toY

Math.min(sprite.getX(), newX);
Math.min(sprite.getY(), newY);
Math_max(sprite.getX(), newX);
Math.max(sprite.getY(), newY);

// get the tile locations

int fromTileX = TileMapRenderer.pixelsToTiles(fromX);

int fromTileY = TileMapRenderer.pixelsToTiles(fromY);

int toTileX = TileMapRenderer.pixelsToTiles(toX +
sprite.getWidth() - 1);

int toTileY = TileMapRenderer.pixelsToTiles(toY +
sprite.getHeight() - 1);

// check each tile for a collision
for (int x=fromTileX; x<=toTileX; x++) {
for (int y=fromTileY; y<=toTileY; y++) {
if X <0 |] x>= map.getWidth() || map-getTile(X, y)

= null) {
// collision found, return the tile
pointCache.setLocation(x, Yy);
return pointCache;
}
}
}

// no collision found
return null;

/**

Checks if the player collides with a sprite. Returns
false 1If the two Sprites are the same. Returns false if
one of the Sprites is a Creature that is not alive.
@param s1 The player sprite.

@param s2 The other sprite (coopa or coin).

I

*/
private boolean isCollision(Player sl1, Sprite s2) {

// if one of the Sprites is a dead Creature, return false

if (s2 instanceof Coopa && !((Coopa)s2).isAlive()) {
return false;
}

// get the pixel location of the Sprites
int slx = Math.round(sl.getX());

int sly = Math.round(sl.getY(Q));
int s2x = Math.round(s2.getX(Q);
int s2y = Math.round(s2.getY(Q));

// check if the two sprites® boundaries intersect

return (slx < s2x + s2.getWidth() && s2x < six +
sl.getWidth(Q &&

sly < s2y + s2.getHeight() && s2y < sly +
sl.getHeight());
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/**
* Gets the Sprite that collides with the player Sprite,
* or null if no Sprite collides with the player Sprite.
* @param sprite The player sprite.
*/
private Sprite getSpriteCollision(Player sprite) {
// run through the list of Sprites
Iterator i = map.getSprites();
while (i.hasNext()) {
Sprite otherSprite = (Sprite)i.next();
if (isCollision(sprite, otherSprite)) {
// collision found, return the Sprite
return otherSprite;

}

// no collision found
return null;

7.4.2 To JavaDoc tng kAGoNG

"Eva anécrmacpa and to JavaDoc tng khdong etvat to e€ng:

public class Game
extends java.lang.Object

This is the main class of the game. It contains the animation loop of the game and the
methods needed to properly handle the collision detection.

Method Summary

void | animationLoop()
The animation loop of the game.

void | draw(java.awt.Graphics g)
The draw() method draws the map on the screen.

static void main(java.lang.String[] args)
Calls the run() method.

void run(
The run() method does all the necessary actions for initializing
the game.
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void ypdate(long elapsedTime)
Updates the state of the game/animation based on the amount of
elapsed time that has passed.

Method Detail

main
public static void main(Java.lang.String[] args)
Calls the run() method.

run

public void run()
The run() method does all the necessary actions for initializing the game. It
tries one by one the possible display modes and applies the first one which
matches. It creates the player sprite, the input manager, the tiles resources &
the tile map renderer. It also calls methods for loading the sounds, hiding the
cursor and finally starts the animation loop.

animationLoop

public void animationLoop()
The animation loop of the game. The animation of the game is time-based. It
calls the update() method with the time that has elapsed. It also calls the
draw() method and updates the screen by changing the buffers (by calling the
update() of the Screen Manager class).

update

public void update(long elapsedTime)
Updates the state of the game/animation based on the amount of elapsed time
that has passed. It applies gravity, gets the collisions of the player and removes
the dead 'coopas'.

draw

public void draw(java.awt.Graphics Q)
The draw() method draws the map on the screen.
Parameters:
g - The screen Graphics object.
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7.5 H xAaon InputManager

7.5.1 O KOKAG TG KAAGNG

import javax.sound.sampled.UnsupportedAudioFileException;
import javax.sound.sampled.LineUnavailableException;
import java.awt.*;

import java.awt.event.*;

/**

* This class handles the input from the keyboard.

* 1t implements the KeyListener interface. Depending
* on the button pressed, the state of the Player

* 1s updated, If necessary.

*/

public class InputManager implements KeyListener{

// The Player sprite

private Player sprite;

// The ScreenManager of the main class

private ScreenManager screen;

// The jump sound that we hear when "spacebar® is pressed
private AudioWrapper jump;

/**
* The constructor of the InputManager class.
* @param sprite The Player sprite.
* @param screen The ScreenManager object that has been
initialized in the
* main class.
*/
public InputManager(Player sprite, ScreenManager screen) {
Component component = screen.getFullScreenWindow();
component.addKeyListener(this);
this.sprite = sprite;
this.screen = screen;

Jjump = new AudioWrapper();
// We load the "jump® sound
try {
Jump.load(*'resources/mario sounds/jump.wav'');
} catch (Exception e) {
e.printStackTrace();
}

// We need these booleans to handle input correctly.
boolean right Pressed = false;

boolean left Pressed = false;

boolean jump Pressed = false;

private boolean escapePressed = false;
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// Returns true 1T escape Is pressed.

public boolean isEscapePressed() {
return escapePressed;

}

/**
* Invoked when a key has been typed. In that case,
* we do nothing.
* @param keyEvent This parameter gives us information
* about the key that caused the event.
*/
public void keyTyped(KeyEvent keyEvent) {
keyEvent.consume();
}

/**

* Invoked when a key has been pressed. We are interested

in the left and the right arrow and the spacebar buttons.
When one of that buttons is pressed, we check the state
of the Player and we update it, if that iIs necessary.
@param keyEvent This parameter gives us information
about the key that caused the event.

% o %

*/
public void keyPressed(KeyEvent keyEvent) {
if (keyEvent.getKeyCode() == KeyEvent.VK_ESCAPE){
escapePressed = true;
}

if (keyEvent.getKeyCode() == KeyEvent.VK RIGHT){
if (Isprite.isJumping() && !sprite.isFalling()){
sprite._setState(sprite WALK _RIGHT);

}
else if (sprite.isJumping(){
sprite.setState(sprite.JUMPING RIGHT);

}

else if (sprite.isFalling(Q){
sprite._setState(sprite.FALLING_RIGHT);

}

right_Pressed = true;
sprite_Right = true;
}

if (keyEvent.getKeyCode() == KeyEvent.VK LEFT){
if (Isprite.isJumping() && !sprite.isFalling()){
sprite._setState(sprite WALK LEFT);

}
else if (sprite.isJumping(){
sprite.setState(sprite.JUMPING _LEFT);

}
else if (sprite.isFalling()){
sprite.setState(sprite.FALLING LEFT);

left Pressed = true;
sprite_Right = false;
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if (keyEvent.getKeyCode() == KeyEvent.VK_ SPACE){
iT (Isprite.isdumping() && Isprite.isFallingQ){//ifT it
isn"t in jump state

try {
Jump.play(Q;

} catch (UnsupportedAudioFileException e) {
e.printStackTrace();

} catch (LineUnavailableException e) {
e.printStackTrace();

}

if (right _Pressed){
sprite._setState(sprite.JUMPING_RIGHT);

}
else if (left Pressed){
sprite._setState(sprite.JUMPING_LEFT);

}
else if (sprite.Right){
sprite.setState(sprite.JUMPING_RIGHT _STILL);

3
else if (Isprite.Right){
sprite.setState(sprite.JUMPING LEFT _STILL);
s
3

else if (sprite.isJumping())

{1}
else if (sprite.isFalling())

{3}
}

keyEvent.consume();

/**
* Invoked when a key has been released. We are interested
* in the left and the right arrow and the spacebar buttons.
* When one of that buttons iIs released, we check the state
of the Player and we update it, if that Is necessary.
@param keyEvent This parameter gives us information
about the key that caused the event.

* % %

*/
public void keyReleased(KeyEvent keyEvent) {
if (keyEvent.getKeyCode() == KeyEvent.VK RIGHT &&

left_Pressed){
right_Pressed = false;

}
else if (keyEvent.getKeyCode() == KeyEvent.VK RIGHT &&
Tleft Pressed){
if (sprite.isJumping()){
sprite._setState(sprite.JUMPING_RIGHT _STILL);

b

else if (sprite.isFalling(){
sprite.setState(sprite.FALLING RIGHT _STILL);

b

else {
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sprite.setState(sprite.STILL_RIGHT);
}

right_Pressed = false;

}

if (keyEvent.getKeyCode() == KeyEvent.VK LEFT &&
right_Pressed){
left Pressed = false;

}
else if (keyEvent.getKeyCode() == KeyEvent.VK LEFT &&
Iright_Pressed){
iT (sprite.isJumping()){
sprite._setState(sprite.JUMPING LEFT STILL);

}
else if (sprite.isFalling)){
sprite.setState(sprite. FALLING_LEFT STILL);

else {
sprite.setState(sprite.STILL_LEFT);
}

left Pressed = false;

}

if (keyEvent.getKeyCode() == KeyEvent.VK _ESCAPE){

try {

Jump.stop(Q);
} catch (UnsupportedAudioFileException e) {

e.printStackTrace();

} catch (LineUnavailableException e) {
e.printStackTrace();

}

screen.restoreScreen();

}

keyEvent.consume();

7.5.2 To JavaDoc tng kAGonG
‘Eva andcracpa and to JavaDoc tng kidong etvat to e€ng:

public class InputManager
extends java.lang.Object
implements java.awt.event.KeyListener

This class handles the input from the keyboard. It implements the KeyListener
interface. Depending on the button pressed, the state of the Player is updated, if
necessary.
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Constructor Summary

InputManager (java.awt.Component component, Player sprite,
ScreenManager screen)
The constructor of the InputManager class.

Method Summary

void keyPressed(java.awt.event_KeyEvent keyEvent)
Invoked when a key has been pressed.

void keyReleased(java.awt.event.KeyEvent keyEvent)
Invoked when a key has been released.

void keyTyped(java.awt._event.KeyEvent keyEvent)
Invoked when a key has been typed.

Constructor Detail

InputManager

public InputManager(java.awt.Component component,
Player sprite,
ScreenManager screen)

The constructor of the InputManager class.

Parameters:

component - The JFrame of the main class - our project.

sprite - The Player sprite.

screen - The ScreenManager object that has been initialized in the main class.

Method Detail

keyTyped
public void keyTyped(java.awt.event_KeyEvent keyEvent)
Invoked when a key has been typed. In that case, we do nothing.
Specified by:
keyTyped in interface java.awt.event.KeyListener
Parameters:
keyEvent - This parameter gives us information about the key that caused the
event.
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keyPressed

public void keyPressed(java.awt.event_KeyEvent keyEvent)
Invoked when a key has been pressed. We are interested in the left and the
right arrow and the spacebar buttons. When one of that buttons is pressed, we
check the state of the Player and we update it, if that is necessary.
Specified by:
keyPressed in interface java.awt.event.KeyListener
Parameters:

keyEvent - This parameter gives us information about the key that caused the
event.

keyReleased

public void keyReleased(java.awt.event.KeyEvent keyEvent)
Invoked when a key has been released. We are interested in the left and the
right arrow and the spacebar buttons. When one of that buttons is released, we
check the state of the Player and we update it, if that is necessary.
Specified by:
keyReleased in interface java.awt.event.KeyListener
Parameters:

keyEvent - This parameter gives us information about the key that caused the
event.
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7.6 H xhaon Player

7.6.1 O K®OOKAG TG KAAGNG

import java.awt.*;
import javax.swing.lImagelcon;

public class Player {

//the possible states of the player
final int JUMPING_RIGHT = O;
final int JUMPING_RIGHT_STILL
final int FALLING RIGHT = 2;
final int FALLING_RIGHT_STILL
final int JUMPING_LEFT = 4;
final int JUMPING_LEFT_STILL
final int FALLING_LEFT = 6;
final int FALLING LEFT STILL
final int WALK RIGHT = 8;
final int WALK_LEFT = 9;
final int STILL_RIGHT = 10;
final int STILL_LEFT = 11;

1;

1

11
o1
. w

1
~

boolean Jumping false;
boolean Falling false;
boolean Right = false;

private static final float JUMP_SPEED = -1.34fT;
private boolean onGround = true;

boolean collideHorizontal = false;
boolean collideVertical = false;

int state;
long time;

Image[] images;

int image_index = 0;
int counter = O;

int counter2 = 0;

//the coordinates of the player

float Xx;

float y;

//the velocity of the coordinates of the player
float dx;

float dy;

/**
* Creates the Player. Assigns the images of the player,
* the state and the horizontal position (X coordinate).
*/
public Player() {
images = new Image[8];
load_Images();
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state = STILL_RIGHT;
time = O;

Right = true;
setX(201);

/**
* Creates a clone of the player.
*/
public Object clone() throws CloneNotSupportedException {
return new Player();
}

/**
* This method loads the player images.
*/
private void load_Images() {
images[0] = new Imagelcon('resources/mario
pics/mario_right _still.png').getlmage();
images[1] = new Imagelcon('resources/mario
pics/mario_right _walking.png™).getlmage();
images[2] = new Imagelcon('resources/mario
pics/mario_left_walking.png™).getlmage();
images[3] = new Imagelcon(''resources/mario
pics/mario_left _still.png™).getlmage();
images[4] = new Imagelcon('resources/mario
pics/mario_right_jumping.png™).getlmage();
images[5] = new Imagelcon('resources/mario
pics/mario_right falling.png'™).getlmage();
images[6] = new Imagelcon('resources/mario
pics/mario_left_jumping.png'™).getimage();
images[7] = new Imagelcon('resources/mario
pics/mario_left_falling.png™).getlmage();
}

/**

* Updates the state of the player. Changes the position and the

image of
* the player, 1If that iIs necessary.
* @param elapsedTime The time that has elapsed since the
previous update.
*/
public synchronized void update(long elapsedTime) {
time += elapsedTime;

if (state == STILL RIGHT){
setVelocityX(0f);
image_index = O;
counter = O;

}

if (state == STILL LEFT){
setVelocityX(0f);
image_index = 3;
counter2 = O;

}
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if (state == WALK_RIGHT){
setVelocityX(0.18F);

if (time < 150)
image_index = 1;

if (time > 150){
image_index = O;
counter++;

}

if (counter == 3){
counter = 0;
time = 0;

}

if (state == WALK LEFT){
setVelocityX(-0.18f);

if (time < 150)
image_index = 2;

it (time > 150){
image_index = 3;
counter2++;

}

if (counter2 == 3){
counter2 = 0O;
time = 0;

}

if (state == JUMPING_RIGHT){
it (onGround) {

onGround = false;
collideVertical = false;
Jumping = true;
Falling = false;
setVelocityY(JUMP_SPEED);
setVelocityX(0.18F);
image_index = 4;

}

iT (onGround) {
setVelocityX(0.18F);
image_index = 4;

}

iT (getVelocityY() > 0) {
Jumping = false;
Falling = true;
setState(FALLING RIGHT);
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if (state == JUMPING_LEFT){
if (onGround) {

onGround = false;
collideVertical = false;
Jumping = true;
Falling = false;
setVelocityY(JUMP_SPEED);
setVelocityX(-0.18f);
image_index = 6;

}

it (onGround) {
setVelocityX(-0.18f);
image_index = 6;

}

it (getVelocityY() > 0) {
Jumping = false;
Falling = true;
setState(FALLING_LEFT);

}

if (state == JUMPING_RIGHT_STILL){
it (onGround) {

onGround = false;
collideVertical = false;
Jumping = true;

Falling = false;
setVelocityY(JUMP_SPEED);
setVelocityX(0f);
image_index = 4;

}

if (getVelocityY() < 0) {
setVelocityX(0f);
image_index = 4;

}

iT (getVelocityY() > 0) {
Jumping = false;
Falling = true;
setState(FALLING_RIGHT_STILL);

}

if (state == JUMPING_LEFT_STILL){
it (onGround) {

onGround = false;
collideVertical = false;
Jumping = true;
Falling = false;
setVelocityY(JUMP_SPEED);
setVelocityX(0fF);
image_index = 6;
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}

if (getVelocityY() < 0) {
setVelocityX(0f);
image_index = 6;

}

if (getVelocityY() > 0) {
setState(FALLING LEFT STILL);
}

if (state == FALLING_RIGHT){
image_index = 5;
setVelocityX(0.18F);
ifT (collideVertical) {
Falling = false;
image_index = 1;
state = WALK_RIGHT;

}

if (state == FALLING_LEFT){
image_index = 7;
setVelocityX(-0.18f);
ifT (collideVertical) {
Falling = false;
image_index = 2;
state = WALK LEFT;

}

iT (state == FALLING_RIGHT_STILL){
setVelocityX(0f);
image_index = 5;
it (collideVertical) {
Falling = false;
image_index = O;

}

if (state == FALLING_LEFT_STILL){
setVelocityX(0f);
image_index = 7;
it (collideVertical) {
Falling = false;
image_index = 3;
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/**
* Returns the current image of the player.
*/
public Image getlmage(){
return images[image_index];
}

/**
* Sets the boolean "jumping™ to true or false,
* depending on whether the player is jumping or not.
*/
public void set Jumping(boolean Jumping) {
this.Jumping = Jumping;
}

/**
* Returns true if the player is jumping, otherwise
* it returns false.
*/
public boolean isJumping() {
return Jumping;
}

/-k-k
* Returns true if the player is falling, otherwise
* it returns false.
*/
public boolean isFalling() {
return Falling;
}

/**
* Sets the state of the player.
*/
public void setState(int state) {
this.state = state;
}

/**
* Gets the state of the player.
*/
public int getState() {
return state;
}

/**
* Returns the width of the current image.
*/
public int getWidth(Q) {
return images[image_index].getWidth(null);
}
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/**
* Returns the height of the current image.
*/
public int getHeight() {
return images[image_index].getHeight(null);

}
/**
* Returns the x coordinate of the player.
*/
public float getX() {
return Xx;
}
/-k-k
* Returns the y coordinate of the player.
*/
public float getY() {
return y;
}
/**
* Sets the x coordinate of the player.
*/

public void setX(float x) {
this.x = x;

}
/**
* Sets the y coordinate of the player.
*/
public void setY(float y) {
this.y = y;
}
/**
* Gets the horizontal velocity of the player.
*/
public float getVelocityX() {
return dx;
}
/**
* Gets the vertical velocity of the player.
*/
public Ffloat getVelocityY() {
return dy;
}
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/**
* Sets the horizontal velocity of the player.
*/
public void setVelocityX(float dx) {
this.dx = dx;
}

/**
* Sets the vertical velocity of the player.
*/
public void setVelocityY(float dy) {
this.dy = dy;
}

/**
* Returns true if the player has collided with
* something horizontal, otherwise it returns
* false.
*/
public boolean isCollideHorizontal() {
return collideHorizontal;
}

/**

* Sets the boolean "collideHorizontal'™ to true

* when the player has collided with something

* horizontal. Otherwise it sets the boolean

* to false.

=/

public void setCollideHorizontal(boolean collideHorizontal) {

this.collideHorizontal = collideHorizontal;

s

/**

* Returns true if the player has collided with
* something vertical, otherwise it returns

* false.

*/

public boolean isCollideVertical() {

return collideVertical;

}

/**
* Sets the boolean "collideVertical' to true
* when the player has collided with something
* vertical. Otherwise i1t sets the boolean
* to false.
*/
public void setCollideVertical(boolean collideVertical) {
this.collideVertical = collideVertical;
s
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/**
* When the player has collided with something
* horizontal, this method sets the horizontal
* velocity to zero and the boolean "‘collide-
* Horizontal"™ to true.
*/
public void collideHorizontal() {
setCollideHorizontal (true);
setVelocityX(0);

/**

* When the player has collided with something

* vertical, this method sets the vertical

* velocity to zero and the boolean *collide-

* Vertical™ to true. ITf the player was falling

* then the "onGround"™ boolean is set to true,

* to notify us that the player has hit the ground.
*/

public void collideVertical() {

setCollideVertical (true);

if (getVelocityY() > 0){
onGround = true;
s

setVelocityY(0);

7.6.2 To JavaDoc tng kAdong
‘Eva andéomocpa and to JavaDoc tng kKAdong sivot 1o €EN1G:

public class Player
extends java.lang.-Object

Constructor Summary

Player()
Creates the Player.

Method Summary

Java.lang.Object | clone()
Creates a clone of the player.
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void | collideHorizontal ()
When the player has collided with something horizontal,
this method sets the horizontal velocity to zero and the boolean
"collide- Horizontal" to true.

void  collideVertical )
When the player has collided with something vertical,
this method sets the vertical velocity to zero and the boolean
"collide- Vertical" to true.

iInt|getHeight)
Returns the height of the current image.

Java.awt.Image getImage()
Returns the current image of the player.

Int| getState()
Gets the state of the player.

float getVelocityX ()
Gets the horizontal velocity of the player.

float getVelocityY O
Gets the vertical velocity of the player.

INt getWidth()
Returns the width of the current image.

float getX()
Returns the x coordinate of the player.

float getY()
Returns the y coordinate of the player.

boolean jsCollideHorizontal ()
Returns true if the player has collided with something
horizontal, otherwise it returns false.

boolean | jsCollideVertical )
Returns true if the player has collided with something
vertical, otherwise it returns false.

boolean jsFalling()
Returns true if the player is falling, otherwise it returns

false.

boolean |ig Jumping )
Returns true if the player is jumping, otherwise it returns

false.

void set Jumping(boolean Jumping)
Sets the boolean "jumping" to true or false, depending on
whether the player is jumping or not.

void setCollideHorizontal(boolean collideHorizontal)

Hovemotiuio Maxedovias — IIMXE Tunuoros Epopuoouévng Iinpopopikng 135



Toobroiog EvBiuiog, «Game Development oe Javay

Sets the boolean "collideHorizontal" to true when the
player has collided with something horizontal.

void setCollideVertical(boolean collideVertical)
Sets the boolean "collideVertical" to true when the player
has collided with something vertical.

void getState(int state)
Sets the state of the player.

void setVelocityX (float dx)
Sets the horizontal velocity of the player.

void setVelocityY (float dy)
Sets the vertical velocity of the player.

void gsetX(Float x)
Sets the x coordinate of the player.

void setY (float y)
Sets the y coordinate of the player.

void ypdate(long elapsedTime)
Updates the state of the player.

Constructor Detail

Player

public Player()
Creates the Player. Assigns the images of the player, the state and the
horizontal position (x coordinate).

Method Detail

clone
public java.lang.Object clone()
throws java.lang.CloneNotSupportedException
Creates a clone of the player.
Overrides:
clone in class java.lang.Object

Throws:
Java.lang.CloneNotSupportedException

update
public void update(long elapsedTime)
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Updates the state of the player. Changes the position and the image of the
player, if that is necessary.

Parameters:

elapsedTime - The time that has elapsed since the previous update.

getImage

public java.awt.lImage getlmage()
Returns the current image of the player.

set Jumping
public void set_Jumping(boolean Jumping)

Sets the boolean "jumping" to true or false, depending on whether the player is
jumping or not.

isJumping
public boolean isJumping()
Returns true if the player is jumping, otherwise it returns false.

isFalling

public boolean isFalling()
Returns true if the player is falling, otherwise it returns false.

setState

public void setState(int state)
Sets the state of the player.

getState

public int getState()
Gets the state of the player.

getWidth

public int getWidthQ)
Returns the width of the current image.

getHeight

public int getHeight(Q)
Returns the height of the current image.

getX
public float getX()
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Returns the x coordinate of the player.

getY

public float getY()
Returns the y coordinate of the player.

setX

public void setX(float x)
Sets the x coordinate of the player.

setY

public void setY(float y)
Sets the y coordinate of the player.

getVelocityX

public float getVelocityX()
Gets the horizontal velocity of the player.

getVelocityY

public float getVelocityY()
Gets the vertical velocity of the player.

setVelocityX

public void setVelocityX(float dx)
Sets the horizontal velocity of the player.

setVelocityY

public void setVelocityY(Ffloat dy)
Sets the vertical velocity of the player.

1sCollideHorizontal

public boolean isCollideHorizontal()
Returns true if the player has collided with something horizontal, otherwise it
returns false.

setCollideHorizontal

public void setCollideHorizontal (boolean collideHorizontal)
Sets the boolean "collideHorizontal" to true when the player has collided with
something horizontal. Otherwise it sets the boolean to false.
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isCollideVertical

public boolean isCollideVertical()
Returns true if the player has collided with something vertical, otherwise it
returns false.

setCollideVertical

public void setCollideVertical(boolean collideVertical)
Sets the boolean "collideVertical" to true when the player has collided with
something vertical. Otherwise it sets the boolean to false.

collideHorizontal

public void collideHorizontal ()
When the player has collided with something horizontal, this method sets the
horizontal velocity to zero and the boolean "collide- Horizontal" to true.

collideVertical

public void collideVertical()
When the player has collided with something vertical, this method sets the
vertical velocity to zero and the boolean "collide- Vertical" to true. If the
player was falling then the "onGround" boolean is set to true, to notify us that
the player has hit the ground.
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7.7 H xhaon ScreenManager

7.7.1 O K®OKAG TG KAAGNG

import java.awt.*;
import java.awt.image.*;
import javax.swing.*;

/**

* The ScreenManager class manages initializing and displaying
* full screen graphics modes.

*/

public class ScreenManager {

private GraphicsDevice device;
private DisplayMode oldDisplayMode;

/**
* Creates a new ScreenManager object.
*/
public ScreenManager() {
GraphicsEnvironment environment =
GraphicsEnvironment.getLocalGraphicseEnvironment();
device = environment.getDefaultScreenDevice();

/**
* This method returns the compatible
* Graphics Devices of the current system.
*/
public GraphicsDevice[] getScreenDevices(){
GraphicsEnvironment environment =
GraphicsEnvironment.getLocalGraphicseEnvironment();
return environment.getScreenDevices();

/**
* This method returns the current
* gsystem®s Graphics Device
*/
public GraphicsDevice getDefaultScreenDevice(){
GraphicsEnvironment environment =
GraphicsEnvironment.getLocalGraphicsEnvironment();
return environment.getDefaultScreenDevice();

/**

* Returns the Ffirst compatible mode in a list of modes.
* Returns null i1f no modes are compatible.
*/

public DisplayMode findFirstCompatibleMode(
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DisplayMode modes[])

DisplayMode goodModes[] = device.getDisplayModes();
//noinspection ForLoopReplaceableByForEach
for (int i = 0; 1 < modes.length; i++) {
//noinspection ForLoopReplaceableByForEach
for (int j = 0; jJ < goodModes.length; j++) {
if (displayModesMatch(modes[i], goodModes[j])) {
return modes[i];
}

}

return null;

/**
* Returns a list of compatible display modes for the
* default device on the system.
*/
public DisplayMode[] getCompatibleDisplayModes() {
return device.getDisplayModes();
}

/**
* Returns the current display mode.
*/
public DisplayMode getCurrentDisplayMode() {
return device.getDisplayMode();
}

/**
* Determines if two display modes "match'. Two display
* modes match if they have the same resolution, bit depth,
* and refresh rate. The bit depth is ignored if one of the

* modes has a bit depth of DisplayMode.BIT_DEPTH_MULTI .
* Likewise, the refresh rate is ignored if one of the
* modes has a refresh rate of

* DisplayMode.REFRESH RATE_UNKNOWN.

*/

public boolean displayModesMatch(DisplayMode model,
DisplayMode mode2)

iT (model_getWidth() !'= mode2.getWidth() ||
model.getHeight() !'= mode2.getHeight()) {
return false;

}

it (model.getBitDepth() != DisplayMode.BIT_DEPTH_MULTI &&
mode2.getBitDepth() !'= DisplayMode.BIT_DEPTH MULTI &&
model.getBitDepth() = mode2.getBitDepth()) {
return false;
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//noinspection RedundantlfStatement
if (model.getRefreshRate() !=
DisplayMode .REFRESH RATE_UNKNOWN &&
mode2.getRefreshRate() !=
DisplayMode .REFRESH_RATE_UNKNOWN &&
model.getRefreshRate() != mode2.getRefreshRate()) {
return false;

}

return true;

/**

Enters full screen mode and changes the display mode.

IT the specified display mode is null or not compatible
with this device, or if the display mode cannot be
changed on this system, the current display mode is used.
The display uses a BufferStrategy with 2 buffers.

ok ok %

*/

public void setFullScreen(DisplayMode displayMode) {
final JFrame frame = new JFrame();
oldDisplayMode = device.getDisplayMode();

frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setUndecorated(true);
frame.setlgnoreRepaint(true);
frame.setResizable(false);

iT (device.isFullScreenSupported()){
//entering full-screen exclusive mode
device.setFullScreenWindow(frame);

if (displayMode !'= null && device.isDisplayChangeSupported())

try {
device.setDisplayMode(displayMode) ;

catch (1l1legalArgumentException ex) {
device.setDisplayMode(oldDisplayMode);
}

frame.createBufferStrategy(2);

/**
* Gets the graphics context for the display. The
* ScreenManager uses double buffering, so applications must
* call update() to show any graphics drawn.
* The application must dispose of the graphics object.
*/
public Graphics2D getGraphics() {
Window window = device.getFullScreenWindow();
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if (window = null) {
BufferStrategy strategy = window.getBufferStrategy();
return (Graphics2D)strategy.getDrawGraphics();

}

else {
return null;

}

/**
* Updates the display.
*/
public void update() {
Window window = device.getFullScreenWindow();
if (window = null) {
BufferStrategy strategy = window.getBufferStrategy();
if (Istrategy.contentsLost()) {
strategy.show();
}
}

// Sync the display on some systems.
// (on Linux, this fixes event queue problems)
Toolkit.getDefaultToolkit().-sync(Q;

/**
* Returns the window currently used in full screen mode.
* Returns null if the device is not in full screen mode.
*/
public JFrame getFullScreenWindow() {
return (JFrame)device.getFullScreenWindow();
}

/**
* Returns the width of the window currently used in full
* screen mode. Returns O if the device is not in full
* screen mode.
*/
public int getWidth() {
Window window = device.getFullScreenWindow();
it (window = null) {
return window.getWidth();

3
else {
return O;
}
b
/**

* Returns the height of the window currently used in full
* screen mode. Returns O iIf the device is not in full

* screen mode.

*/

public int getHeight() {
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Window window = device.getFullScreenWindow();
if (window !'= null) {
return window.getHeight();

}
else {
return O;
}
}
/**
* Restores the screen®s display mode.
*/

public void restoreScreen() {
Window window = device.getFullScreenWindow();
if (window = null) {
window.dispose();
}

device.setDisplayMode(oldDisplayMode);
device.setFullScreenWindow(null);

/**
* Creates an image compatible with the current display.
*/
public Bufferedlmage createCompatiblelmage(int w, int h,
int transparancy)
{

Window window = device.getFullScreenWindow();
if (window = null) {
GraphicsConfiguration gc =
window.getGraphicsConfiguration();
return gc.createCompatiblelmage(w, h, transparancy);

return null;

7.7.2 To JavaDoc tng kAdong

‘Eva andomacpa and to JavaDoc tng kKAdong stvot 1o €€NG:

public class ScreenManager
extends java.lang.Object

The ScreenManager class manages initializing and displaying full screen graphics
modes.

Constructor Summary
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ScreenManager ()

Creates a new ScreenManager object.

Method Summary

Java.awt. image.Bufferedlmage
boolean

jJava.awt.DisplayMode

Java.awt.DisplayMode[]

jJava.awt.DisplayMode
jJava.awt.GraphicsDevice
Javax.swing.JFrame
jJava.awt.Graphics2D

int
Java.awt.GraphicsDevicel[]
int

void
void

void

createCompatibleImage(int w, int h,
int transparancy)

Creates an image compatible with the current display.

displayModesMatch(java.awt.DisplayMode model,
jJava.awt.DisplayMode mode2)

Determines if two display modes "match".

findFirstCompatibleMode(java.awt.DisplayMode[] modes)
Returns the first compatible mode in a list of modes.

getCompatibleDisplavModes )
Returns a list of compatible display modes for the default
device on the system.

getCurrentDisplavMode()
Returns the current display mode.

getDefaultScreenDevice )
This method returns the current system's Graphics Device

getFullScreenWindow ()
Returns the window currently used in full screen mode.

getGraphics)
Gets the graphics context for the display.

getHeight()
Returns the height of the window currently used in full

screen mode.

getScreenDevices)
This method returns the compatible Graphics Devices of
the current system.

getWidth(Q
Returns the width of the window currently used in full

screen mode.

restoreScreen()
Restores the screen's display mode.

setFullScreen(java.awt.DisplayMode displayMode)
Enters full screen mode and changes the display mode.

update()
Updates the display.
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Constructor Detail

ScreenManager

public ScreenManager()
Creates a new ScreenManager object.

Method Detail

getScreenDevices

public java.awt.GraphicsDevice[] getScreenDevices()
This method returns the compatible Graphics Devices of the current system.

getDefaultScreenDevice

public java.awt.GraphicsDevice getDefaultScreenDevice()
This method returns the current system's Graphics Device

findFirstCompatibleMode

public java.awt._DisplayMode
FfindFirstCompatibleMode(java.awt._DisplayMode[] modes)

Returns the first compatible mode in a list of modes. Returns null if no modes
are compatible.

getCompatibleDisplayModes

public java.awt._DisplayMode[] getCompatibleDisplayModes()
Returns a list of compatible display modes for the default device on the
system.

getCurrentDisplayMode

public java.awt.DisplayMode getCurrentDisplayMode()
Returns the current display mode.

displayModesMatch

public boolean displayModesMatch(java.awt._DisplayMode model,
Jjava.awt.DisplayMode mode2)

Determines if two display modes "match". Two display modes match if they
have the same resolution, bit depth, and refresh rate. The bit depth is ignored if
one of the modes has a bit depth of DisplayMode.BIT DEPTH MULTI.
Likewise, the refresh rate is ignored if one of the modes has a refresh rate of
DisplayMode.REFRESH RATE UNKNOWN.
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setFullScreen

public void setFullScreen(java.awt.DisplayMode displayMode)
Enters full screen mode and changes the display mode. If the specified display
mode is null or not compatible with this device, or if the display mode cannot
be changed on this system, the current display mode is used. The display uses
a BufferStrategy with 2 buffers.

getGraphics

public java.awt._Graphics2D getGraphics(Q)
Gets the graphics context for the display. The ScreenManager uses double
buffering, so applications must call update() to show any graphics drawn. The
application must dispose of the graphics object.

update

public void update()
Updates the display.

getFullScreenWindow

public javax.swing.JFrame getFullScreenWindow()
Returns the window currently used in full screen mode. Returns null if the
device is not in full screen mode.

getWidth

public int getWidth(Q)
Returns the width of the window currently used in full screen mode. Returns 0
if the device is not in full screen mode.

getHeight

public int getHeight()
Returns the height of the window currently used in full screen mode. Returns 0
if the device is not in full screen mode.

restoreScreen

public void restoreScreen()
Restores the screen's display mode.

createCompatibleImage

public java.awt.image.Bufferedlmage createCompatiblelmage(int w,
int h,
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int transparancy)
Creates an image compatible with the current display.
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7.8 H xhaon Sprite

7.8.1 O K®OKAG TNG KAAGNG

import java.awt.Image;

/-k-k

* This class will be used in creating the enemy and the
* power-up sprites.

*/

public class Sprite {

// animation of the sprite

protected Animation anim;

// position (pixels)

private float Xx;

private float y;

// velocity (pixels per millisecond)
private float dx;

private float dy;

/**
* Creates a new Sprite object with the specified Animation.
* @param anim The animation of the sprite
*/
public Sprite(Animation anim) {
this.anim = anim;
}

/-k-k
* Updates this Sprite®"s Animation and its position based
* on the velocity.
* @param elapsedTime The time that has elapsed.
*/
public void update(long elapsedTime) {
X += dx * elapsedTime;
y += dy * elapsedTime;
anim.update(elapsedTime);

}
/**
* Gets this Sprite™s current x position.
*/
public float getX() {
return Xx;
}
/**
* Gets this Sprite"s current y position.
*/

public float getY() {
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return y;

/**
* Sets this Sprite"s current x position.
*/
public void setX(float x) {
this.x = X;

}
/**
* Sets this Sprite®s current y position.
*/
public void setY(float y) {
this.y = y;
}
/**

* Gets this Sprite®s width, based on the size of the
* current image.
*/
public int getWidth() {
return anim.getlmage() .getWidth(null);
}

/**
* Gets this Sprite®s height, based on the size of the
* current image.
*/
public int getHeight() {
return anim.getlmage() .getHeight(null);
}

/**
* Gets the horizontal velocity of this Sprite in pixels
* per millisecond.
*/
public Ffloat getVelocityX() {
return dx;
}

/**
* Gets the vertical velocity of this Sprite in pixels
* per millisecond.
*/
public float getVelocityY() {
return dy;
}

/**
* Sets the horizontal velocity of this Sprite in pixels
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* per millisecond.
*/
public void setVelocityX(float dx) {
this.dx = dx;
}

/**
* Sets the vertical velocity of this Sprite in pixels
* per millisecond.
*/
public void setVelocityY(float dy) {
this.dy = dy;
}

/**
* Gets this Sprite®s current image.
*/
public Image getlmage() {
return anim.getlmage();
}

/**
* Creates a clone of this Sprite. The position and the
* velocity of the sprite are not cloned.
*/
@SuppressWarnings({"'CloneDoesntCal ISuperClone'})
public Object clone() throws CloneNotSupportedException {
return new Sprite(anim);
}

7.8.2 To JavaDoc tng kAdong
‘Eva andéomocpa and to JavaDoc tng kKAdong eivat 1o €€N1G:

public class Sprite
extends java.lang.Object

This class will be used in creating the enemy and the power-up sprites.

Constructor Summary

Sprite(Animation anim)
Creates a new Sprite object with the specified Animation.
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Method Summary

Java.lang.Object | clone()

int

Java.awt. Image

float

float

int

float

float

Creates a clone of this Sprite.

getHeight()
Gets this Sprite's height, based on the size of the current

image.

getlmage()
Gets this Sprite's current image.

getVelocityX ()
Gets the horizontal velocity of this Sprite in pixels per

millisecond.

getVelocityY O
Gets the vertical velocity of this Sprite in pixels per

millisecond.

getWidth(
Gets this Sprite's width, based on the size of the current

image.

getX()
Gets this Sprite's current x position.

getY O
Gets this Sprite's current y position.

setVelocityX (float dx)
Sets the horizontal velocity of this Sprite in pixels per

millisecond.

setVelocityY (float dy)
Sets the vertical velocity of this Sprite in pixels per

millisecond.

setX(float x)
Sets this Sprite's current x position.

setY (float y)
Sets this Sprite's current y position.

update(long elapsedTime)
Updates this Sprite's Animation and its position based on
the velocity.

Constructor Detail

Sprite
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public Sprite(Animation anim)
Creates a new Sprite object with the specified Animation.
Parameters:
anim - The animation of the sprite

Method Detail

update
public void update(long elapsedTime)

Updates this Sprite's Animation and its position based on the velocity.

Parameters:
elapsedTime - The time that has elapsed.

getX

public float getX()
Gets this Sprite's current x position.

getY

public float getY()
Gets this Sprite's current y position.

setX

public void setX(float x)
Sets this Sprite's current x position.

setY

public void setY(Ffloat y)
Sets this Sprite's current y position.

getWidth

public int getWidth(Q
Gets this Sprite's width, based on the size of the current image.

getHeight

public int getHeight()
Gets this Sprite's height, based on the size of the current image.

getVelocityX

public Ffloat getVelocityX()
Gets the horizontal velocity of this Sprite in pixels per millisecond.
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getVelocityY

public float getVelocityY()
Gets the vertical velocity of this Sprite in pixels per millisecond.

setVelocityX

public void setVelocityX(float dx)
Sets the horizontal velocity of this Sprite in pixels per millisecond.

setVelocityY

public void setVelocityY(float dy)
Sets the vertical velocity of this Sprite in pixels per millisecond.

getImage

public java.awt.lImage getlmage()
Gets this Sprite's current image.

clone
public java.lang.Object clone()
throws java.lang.CloneNotSupportedException
Creates a clone of this Sprite. The position and the velocity of the sprite are
not cloned.
Overrides:
clone in class java.lang.Object

Throws:
Java.lang.CloneNotSupportedException
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7.9 H xhaon Coin

7.9.1 O K®KAG TNG KAAGNG

import java.lang.reflect.Constructor;

/**

* This class creates the *"coin' sprite.
*/

public class Coin extends Sprite {

/**
* The constructor gets the coin"s animation
* as the parameter.
*/
public Coin(Animation anim) {
super(anim);
}

/**
* Creates a clone of the coin.
*/
@SuppressWarnings({"'CloneDoesntCal ISuperClone'})
public Object clone() throws CloneNotSupportedException {
// use reflection to create the correct subclass
Constructor constructor = getClass() .getConstructors()[0];

try {
return constructor.newlnstance((Animation)anim.clone());

}

catch (Exception ex) {
ex.printStackTrace();
return null;

7.9.2 To JavaDoc tng kAGoNG

To JavaDoc tng xidong etvat to e€nc:

public class Coin
extends Sprite

This class creates the "coin" sprite.
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Field Summary

Fields inherited from class Sprite

anim

Constructor Summary

Coin(Animation anim)
The constructor gets the coin's animation as the parameter.

Method Summary

jJava.lang.Object | clone()
Creates a clone of the coin.

Methods inherited from class Sprite

getHeight, getlmage, getVelocityX, getVelocityY, getWidth, getX,
getY, setVelocityX, setVelocityY, setX, setY, update

Constructor Detail

Coin
public Coin(Animation anim)
The constructor gets the coin's animation as the parameter.

Method Detail

clone
public java.lang.Object clone()
throws java.lang.CloneNotSupportedException
Creates a clone of the coin.
Overrides:
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clone in class Sprite

Throws:
Java.lang.CloneNotSupportedException
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7.10 H kiaon Coopa

7.10.1 O k®dKOS TG KAGONG

import java.lang.reflect.Constructor;

/**

* This class creates the "coopa" sprite.

* A coopa iIs an enemy that looks like a mushroom.
*/

public class Coopa extends Sprite{

/**

* Amount of time to go from STATE_DYING to STATE_DEAD.
*/

private static final int DIE_TIME = 250;

// The three states of a coopa

public static final int STATE _NORMAL = O;
public static final int STATE DYING = 1;
public static final int STATE _DEAD = 2;

// The animation while a coopa iIs moving
private Animation move;

// The animation while a coopa is dying
private Animation dead;

private int state;

private long stateTime;

/**
* Creates a new Creature with the specified Animations.
* @param anim The animation while a coopa Is moving.
* @param dying The animation while a coopa iIs dying.
*/
public Coopa (Animation anim, Animation dying)
{
super(anim);
this.move = anim;
this.dead = dying;
state = STATE_NORMAL;

/**
* Creates a clone of a coopa, using the same animations.
*/
@SuppressWarnings({''CloneDoesntCal ISuperClone'})
public Object clone() throws CloneNotSupportedException {
// use reflection to create the correct subclass
Constructor constructor = getClass().getConstructors()[0];
try {
return constructor.newlnstance((Animation)move.clone(),
(Animation)dead.clone());
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catch (Exception ex) {
ex.printStackTrace();
return null;

/**
* Gets the coopa®s maximum speed.
*/
public float getMaxSpeed() {
return 0.09F;
}

/**
* Wakes up the coopa when it first appears on screen.
* 1t starts moving to the left.
*/
public void wakeUp() {
if (getState() == STATE_NORMAL && getVelocityX() == 0) {
setVelocityX(-getMaxSpeed());
}

/**
* Gets the state of the coopa. The state is either
* STATE_NORMAL, STATE DYING, or STATE DEAD.
*/
public int getState() {
return state;
}

/**
* Sets the state of the coopa to STATE_ NORMAL,
* STATE_DYING, or STATE DEAD.
*/
public void setState(int state) {
if (this.state != state) {
this.state = state;
stateTime = 0;
if (state == STATE DYING) {

setVelocityX(0);
setVelocityY(0);
}
}
}
/**
* Checks if the coopa is alive.
*/

public boolean isAlive() {
return (state == STATE_NORMAL);
}
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/**

* 1f a coopa collided with a tile horizontally,
* then its velocity becomes the opposite,

* which means that it will start walking in the
* opposite direction.

*/

public void collideHorizontal() {

setVelocityX(-getVelocityX();
}

/**
* 1f a coopa collided with a tile vertically
* (something which can happen if the coopa was falling), it
* stops falling when i1t hits the ground.

*/
public void collideVertical() {
setVelocityY(0);
}
/-k-k
* Updates the animation for this coopa.
*/

public void update(long elapsedTime) {
// select the correct Animation
Animation newAnim = anim;
if (getVelocityX() = 0) {
newAnim = anim;
3

if (state == STATE DYING) {
newAnim = dead;
b

// update the Animation
it (anim = newAnim) {
anim = newAnim;

anim.start();

else {
anim._update(elapsedTime);
}

// update to "dead state

stateTime += elapsedTime;

iT (state == STATE_DYING && stateTime >= DIE_TIME) {
setState(STATE_DEAD);

}
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7.10.2 To JavaDoc ¢ kAGONG

‘Eva andéomoacpa and to JavaDoc tng kKAdong sivat 1o €€N1G:

public class Coopa
extends Sprite

This class creates the "coopa" sprite. A coopa is an enemy that looks like a
mushroom.

Fields inherited from class Sprite

anim

Constructor Summary

Coopa(Animation anim, Animation dying)
Creates a new Creature with the specified Animations.

Method Summary

jJava.lang.Object | clone()
Creates a clone of a coopa, using the same animations.

void | collideHorizontal ()
If a coopa collided with a tile horizontally, then its
velocity becomes the opposite, which means that it will start
walking in the opposite direction.

void |collideVertical ()
If a coopa collided with a tile vertically (something
which can happen if the coopa was falling), it stops falling
when it hits the ground.

float |getMaxSpeed()
Gets the coopa's maximum speed.

int getState()
Gets the state of the coopa.

boolean |isAlive()
Checks if the coopa is alive.

void setState(int state)
Sets the state of the coopa to STATE NORMAL,
STATE DYING, or STATE DEAD.
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void update(long elapsedTime)
Updates the animation for this coopa.

void wakeUp(Q)
Wakes up the coopa when it first appears on screen.

Methods inherited from class Sprite

getHeight, getlmage, getVelocityX, getVelocityY, getWidth, getX,
getY, setVelocityX, setVelocityY, setX, setY

Constructor Detail

Coopa
public Coopa(Animation anim,
Animation dying)
Creates a new Creature with the specified Animations.
Parameters:
anim - The animation while a coopa is moving.
dying - The animation while a coopa is dying.

Method Detail

clone
public java.lang.Object clone()
throws java.lang.CloneNotSupportedException
Creates a clone of a coopa, using the same animations.
Overrides:
clone in class Sprite

Throws:
Java.lang.CloneNotSupportedException

getMaxSpeed

public float getMaxSpeed()
Gets the coopa's maximum speed.

wakeUp

public void wakeUp()
Wakes up the coopa when it first appears on screen. It starts moving to the
left.
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getState

public int getState()
Gets the state of the coopa. The state is either STATE NORMAL,
STATE DYING, or STATE DEAD.

setState

public void setState(int state)
Sets the state of the coopa to STATE NORMAL, STATE DYING, or
STATE DEAD.

isAlive
public boolean isAlive()
Checks if the coopa is alive.

collideHorizontal

public void collideHorizontal ()
If a coopa collided with a tile horizontally, then its velocity becomes the
opposite, which means that it will start walking in the opposite direction.

collideVertical

public void collideVertical()
If a coopa collided with a tile vertically (something which can happen if the
coopa was falling), it stops falling when it hits the ground.

update

public void update(long elapsedTime)
Updates the animation for this coopa.
Overrides:
update in class Sprite
Parameters:
elapsedTime - The time that has elapsed.
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7.11 H kAdon TileMap

7.11.1 O k®OKAS TG KAGONG

import java.awt.Image;
import java.util.LinkedList;
import java.util.lterator;

/**
* The TileMap class contains the data for a tile-based
* map, including the Sprites and the Player. Each tile
* is a reference to an Image. The Images are used multiple
* times in the tile map.
*/
public class TileMap {

private Image[][] tiles;
private LinkedList<Sprite> sprites;
private Player player;

/**
* Creates a new TileMap with the specified width and
* height (number of tiles) of the map.
*/
public TileMap(int width, int height) {
tiles = new Image[width][height];
sprites = new LinkedList<Sprite>();

/**
* Gets the width of the TileMap (number of tiles across).
*/
public int getWidth(Q) {
return tiles.length;
}

/**
* Gets the height of the TileMap (number of tiles down).
*/
public int getHeight() {
return tiles[0].length;
}

/**
* Gets the tile at the specified location. Returns null if
* no tile is at the location or if the location is out of
*  bounds.
*/
public Image getTile(int x, int y) {
if X <0 |] x>= getWidth(Q ||
y <0 || y >= getHeight())
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return null;

else {
return tiles[x][vy]l;
b

/**
* Sets the tile at the specified location.
*/
public void setTile(int x, int y, Image tile) {
tiles[x]ly] = tile;

/**
* Gets the player Sprite.
*/
public Player getPlayer() {
return player;
}

/**
* Sets the player Sprite.
*/
public void setPlayer(Player player) {
this.player = player;
}

/**
* Adds a Sprite object to the map.
*/
public void addSprite(Sprite sprite) {
sprites.add(sprite);
}

/**

* Removes a Sprite object from the map.

*/

public void removeSprite(Sprite sprite) {
sprites.remove(sprite);

}

/**
* Gets an Iterator of all the Sprites in the map,
* excluding the player Sprite.
*/
public Iterator<Sprite> getSprites() {
return sprites.iterator();
}
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7.11.2 To JavaDoc ¢ kKAGONG

‘Eva andéomoacpa and to JavaDoc tng kKAdong sivat 1o €€N1G:

public class TileMap
extends java.lang.-Object

The TileMap class contains the data for a tile-based map, including the Sprites and the
Player. Each tile is a reference to an Image. The Images are used multiple times in the
tile map.

Constructor Summary

TileMap(int width, int height)
Creates a new TileMap with the specified width and height (number of tiles)
of the map.

Method Summary

void addSprite(Sprite sprite)
Adds a Sprite object to the map.

Int|getHeight()
Gets the height of the TileMap (number of

tiles down).

Player | getPlayer O
Gets the player Sprite.

java.util . lterator<Sprite> | getSprites)
Gets an Iterator of all the Sprites in the map,
excluding the player Sprite.

Java.awt.Image getTile(int x, int y)
Gets the tile at the specified location.

INt getWidth()
Gets the width of the TileMap (number of

tiles across).

void removeSprite(Sprite sprite)
Removes a Sprite object from the map.

void setPlayer(Player player)
Sets the player Sprite.

void|getTile(int x, int y, java.awt.lmage tile)
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Sets the tile at the specified location.

Constructor Detail

TileMap

public TileMap(int width,
int height)
Creates a new TileMap with the specified width and height (number of tiles)
of the map.

Method Detail

getWidth

public int getWidth(Q)
Gets the width of the TileMap (number of tiles across).

getHeight

public int getHeight(Q)
Gets the height of the TileMap (number of tiles down).

getTile

public java.awt.Image getTile(int x,
int y)
Gets the tile at the specified location. Returns null if no tile is at the location or
if the location is out of bounds.

setTile

public void setTile(int x,
int y,
Java.awt.Image tile)
Sets the tile at the specified location.

getPlayer

public Player getPlayer()
Gets the player Sprite.

setPlayer

public void setPlayer(Player player)
Sets the player Sprite.

Hovemotnuio Maxeoovias — IIMXE Tunuatos Epopuoouévng IAnpopopixng 167



Toobroiog EvBiuiog, «Game Development oe Javay

addSprite
public void addSprite(Sprite sprite)
Adds a Sprite object to the map.

removeSprite

public void removeSprite(Sprite sprite)
Removes a Sprite object from the map.

getSprites

public java.util.lterator<Sprite> getSprites()
Gets an Iterator of all the Sprites in the map, excluding the player Sprite.
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7.12 H xAdon TileMapRenderer

7.12.1 O K®dwKOg TG KAGONG

import java.awt.*;
import java.util.lterator;

/**

The TileMapRenderer class draws a TileMap on the screen.

It draws all tiles, sprites, and an optional background image
centered around the position of the player. If the width of
background image is smaller the width of the tile map,

the background image will appear to move slowly, creating a
parallax background effect.

Three static methods are provided to convert pixels to tile
positions, and vice-versa. The tile size that is used is 64.

X % & X X ok %

*
N

public class TileMapRenderer {

private static final int TILE_SIZE = 64;

// the size in bits of the tile

// Math_pow(2, TILE_SIZE BITS) == TILE_SIZE
private static final int TILE_SIZE BITS = 6;
private Image background;

/**
* Converts a pixel position to a tile position.
*/
public static int pixelsToTiles(float pixels) {
return pixelsToTiles(Math.round(pixels));
}

/**
* Converts a pixel position to a tile position.
*/
public static int pixelsToTiles(int pixels) {
// use shifting to get correct values for negative pixels
return pixels >> TILE_SIZE BITS;

// or, for tile sizes that aren"t a power of two,
// use the floor function:
//return (int)Math.floor((float)pixels / TILE_SIZE);

/**
* Converts a tile position to a pixel position.
*/
public static int tilesToPixels(int numTiles) {
// no real reason to use shifting here.
// it’s slighty faster, but doesn®t add up to much
// on modern processors.
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return numTiles << TILE_SIZE BITS;

// use this if the tile size isn"t a power of 2:
//return numTiles * TILE_SIZE;

/**
* Sets the background to draw.
*/
public void setBackground(Image background) {
this.background = background;
}

/**
* Draws the specified TileMap.
*/
public void draw(Graphics2D g, TileMap map,
int screenWidth, int screenHeight)
{

Player player = map.getPlayer();
int mapWidth = tilesToPixels(map.getWidth());

// get the scrolling position of the map

// based on player®s position

int offsetX = screenWidth / 2 - Math._.round(player.getX()) -
TILE_SIZE;

offsetX

offsetX

Math._min(offsetX, 0);
Math._.max(offsetX, screenWidth - mapWidth);

// get the y offset to draw all sprites and tiles
int offsetY = screenHeight - tilesToPixels(map.getHeight());

// draw black background, i1f needed
if (background == null |] screenHeight >
background.getHeight(null)) {
g-setColor(Color.black);
g-FillRect(0, 0, screenWidth, screenHeight);
}

// draw parallax background image
it (background = null) {
int x = offsetX * (screenWidth -
background.getWidth(null)) /
(screenWidth - mapWidth);
int y = screenHeight - background.getHeight(null);

g-drawlmage(background, x, y, null);

}

// draw the visible tiles
int FirstTileX = pixelsToTiles(-offsetX);
int lastTileX = FirstTileX + pixelsToTiles(screenWidth) + 1;

for (int y=0; y<map.getHeight(Q); y++) {
for (int x=FirstTileX; x <= lastTileX; x++) {
Image image = map.getTile(X, y);
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it (image !'= null) {
g-drawlmage(image, tilesToPixels(x) + offsetX,
tilesToPixels(y) + offsetY, null);

}

// draw player
g-drawlmage(player.getlmage(), Math.round(player.getX()) +
offsetX,
Math.round(player.getY()) + offsetY, null);

// draw sprites

Iterator i = map.getSprites();

while (i.hasNext()) {
Sprite sprite = (Sprite)i.next();
int X = Math_.round(sprite.getX()) + offsetX;
int y = Math_.round(sprite.getY()) + offsetY;
g-drawlmage(sprite.getlmage(), x, y, null);

// wake up the creature when It"s on screen
if (sprite instanceof Coopa && X >= 0 & & X < screenWidth)

((Coopa)sprite) . .wakeUp(Q);

7.12.2 To JavaDoc ¢ kKAGONG
‘Eva andéomocpa and to JavaDoc tng kKAdong eivot 1o €€N1G:

public class TileMapRenderer
extends java.lang.-Object

The TileMapRenderer class draws a TileMap on the screen. It draws all tiles, sprites,
and an optional background image centered around the position of the player. If the
width of background image is smaller the width of the tile map, the background image
will appear to move slowly, creating a parallax background effect. Three static
methods are provided to convert pixels to tile positions, and vice-versa. The tile size
that is used is 64.

Method Summary

void draw(java.awt.Graphics2D g, TileMap map, int screenWidth,
int screenHeight)

Draws the specified TileMap.
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static int piyelsToTiles(float pixels)
Converts a pixel position to a tile position.

static iInt piyelsToTiles(int pixels)
Converts a pixel position to a tile position.

void setBackground(java.awt. Image background)
Sets the background to draw.

static int tjlesToPixels(int numTiles)
Converts a tile position to a pixel position.

Method Detail

pixelsToTiles

public static int pixelsToTiles(float pixels)
Converts a pixel position to a tile position.

pixelsToTiles

public static int pixelsToTiles(int pixels)
Converts a pixel position to a tile position.

tilesToPixels

public static int tilesToPixels(int numTiles)
Converts a tile position to a pixel position.

setBackground

public void setBackground(java.awt. Image background)
Sets the background to draw.

draw

public void draw(Java.awt.Graphics2D g,
TileMap map,
int screenWidth,
int screenHeight)

Draws the specified TileMap.
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7.13 H xAhdon TilesResources

7.13.1 O kKOOGS TG KAGONG

import java.io.*;
import java.awt.*;
import java.util._*;
import javax.swing.*;

/**

* This class loads the pictures of the tiles. It
* also loads the powerup and the enemy sprites.
*/

public class TilesResources {

private ArrayList<Image> tiles;
private Player player;

private Sprite coinSprite;
private Sprite coopaSprite;

/**
* The constructor of the class. It sets
* the player, and then calls 3 methods
* for the loading of the necessary resources.
* @param player The player of the game.
*/
public TilesResources(Player player) {
this.player = player;
loadTilelmages();
loadPowerUpSprites();
loadEnemySprites();

/**
* This method loads the pictures of the tiles.
*/
public void loadTilelmages() {
tiles = new ArrayList<Ilmage>();
char ch;

for (ch = "A"; ch <= "17; ch++) {
String name = "resources/Tiles/tile_" + ch + "_png";
tiles.add(loadlmage(name));

}

/**
* This method loads the image that lies
* in the specified path.
* @param name The path of the image.
*/
public Image loadlmage(String name) {
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return new Imagelcon(name).getlmage();

/**

* Loads the map. It stores all the lines that do not
* start with the "#° character, and adds the tiles

* and the sprites.

* @param Filename The text file that contains the map.
*/
public TileMap loadMap(String filename) {

ArrayList<String> lines = new ArrayList<String>();

// read every line in the text file into the list
BufferedReader reader;

try {
reader = new BufferedReader(new FileReader(filename));
boolean flag = true;

while (flag) {

try {
String line = reader.readLine();
if (line == null){
reader.close();
flag = false;

else if (line.startsWith("#")) {
// do nothing

else {

lines.add(line);

width = Math.max(width, line.length(Q));
}

} catch (10Exception e) {
e.printStackTrace();
}

}

} catch (FileNotFoundException e) {
e.printStackTrace();
}

// parse the lines to create a TileEngine
height = lines.size();
TileMap newMap = new TileMap(width, height);

for (int y=0; y < height; y++) {
String line = lines.get(y);

for (int x=0; x < line.lengthQ); x++) {
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char ch = line.charAt(x);

// check if the char represents tile A, B, C etc.

int tile = ch - "A";

if (tile >= 0 && tile < tiles.size()) {
newMap.setTile(x, y, tiles.get(tile));

}

// check if the char represents a coin sprite
else if (ch == "0") {
addSprite(newMap, coinSprite, X, Y);

// check if the char represents a coopa sprite
else if (ch == "c") {

addSprite(newMap, coopaSprite, X, Y);
}

}
newMap.setPlayer(player);

return newMap;

}

/**

* Adds a sprite to the map.

* @param map The current map.

* @param hostSprite The sprite which will be added.

* @param tileX The horizontal coordinate of the sprite in tiles.
* @param tileY The vertical coordinate of the sprite in tiles.
*/

private void addSprite(TileMap map, Sprite hostSprite, int tileX,

int tileY)

it (hostSprite = null) {
// clone the sprite from the "host"
Sprite sprite = null;
try {
sprite = (Sprite)hostSprite.clone();
} catch (CloneNotSupportedException e) {
e.printStackTrace();
}

// center the sprite

assert sprite = null;

sprite.setX(
TileMapRenderer.tilesToPixels(tileX) +
(TileMapRenderer.tilesToPixels(1l) -
sprite.getWidth()) 7 2);

// bottom-justify the sprite

sprite.setY(
TileMapRenderer.tilesToPixels(tiley + 1) -
sprite.getHeight());
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// add it to the map
map.addSprite(sprite);

/**
* Loads the pictures and creates the animation
* of the powerup sprites.
*/
private void loadPowerUpSprites() {
// create "'coin’ sprite
Animation anim = new Animation();
anim.addFrame(loadImage(‘'resources/coins/1.png'), 100);
anim.addFrame(loadImage(‘'resources/coins/2.png'), 100);
anim.addFrame(loadImage(‘'resources/coins/3.png'), 100);
anim.addFrame(loadlmage(‘'resources/coins/4.png'), 100);
anim.addFrame(loadImage(‘'resources/coins/2.png'), 100);
coinSprite = new Coin(anim);

/**
* Loads the pictures and creates the animation
* of the enemy sprites.
*/
private void loadEnemySprites() {
//create 'coopa' sprite
Animation anim = new Animation();
anim.addFrame(loadImage(‘'resources/coopa pics/1.png™), 150);
anim.addFrame(loadImage(*'resources/coopa pics/2.png"), 150);

Animation dying = new Animation();
dying.addFrame(loadlmage(*'resources/coopa pics/3.png™), 100);

coopaSprite = new Coopa(anim, dying);

7.13.2 To JavaDoc tq¢ kAdomng

‘Eva andomacpa and to JavaDoc tng kKAdong stvot 1o €€NG:

public class TilesResources
extends java.lang.Object

This class loads the pictures of the tiles. It also loads the powerup and the enemy
sprites.

Constructor Summary
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TilesResources(Player player)
The constructor of the class.

Method Summary

Java.awt.Image JoadImage(java.lang.String name)
This method loads the image that lies in the specified path.

TileMap | loadMap(java.lang.String filename)
Loads the map.

void JoadTileImages )
This method loads the pictures of the tiles.

Constructor Detail

TilesResources

public TilesResources(Player player)
The constructor of the class. It sets the player, and then calls 3 methods for the
loading of the necessary resources.
Parameters:
player - The player of the game.

Method Detail

loadTileImages

public void loadTilelmages()
This method loads the pictures of the tiles.

loadImage

public java.awt.lImage loadlmage(java.lang.String name)
This method loads the image that lies in the specified path.
Parameters:
name - The path of the image.

loadMap

public TileMap loadMap(Java.lang.String filename)
Loads the map. It stores all the lines that do not start with the '#' character, and
adds the tiles and the sprites.
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Parameters:
filename - The text file that contains the map.
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