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PerÐlhyh

Sthn paroÔsa ergasÐa anaptÔqjhke èna diadrastikì, trisdi�stato paiqnÐdi, enìc kai
mìno paÐkth (single-player), gia proswpikì upologist . Qrhsimopoi jhke h mhqa-
n  paiqnidi¸n Torque h opoÐa sthrÐzetai sthn arqitektonik  pel�th-exuphretht  kai
epètreye antikeimenostref  sqedÐash thc efarmog c. To paiqnÐdi fèrei ton tÐtlo
“WaterWar” kai an kei sthn kathgorÐa <<pr¸tou pros¸pou bol c >> (FPS games), me
stoiqeÐa apì paiqnÐdia peripèteiac (adventure games). O paÐkthc periplaniètai ston
eikonikì kìsmo tou paiqnidioÔ kai m�qetai qarakt rec elegqìmenouc apì ton upologi-
st . Gia thn olokl rwsh tou paiqnidioÔ apait jhke o sqediasmìc twn antikeimènwn kai
twn ktiriak¸n dom¸n thc skhn c tou paiqnidioÔ, h dhmiourgÐa tou eikonikoÔ kìsmou,
h montelopoÐhsh twn qarakt rwn kai o sqediasmìc twn akolouji¸n kÐnhs c touc, h
ulopoÐhsh twn grafik¸n diasundèsewn pou epitrèpoun thn epikoinwnÐa tou qr sth
me thn efarmog  kai h an�ptuxh thc teqnht c nohmosÔnhc. Gia ton programmatismì
thc teqnht c nohmosÔnhc qrhsimopoi jhke h teqnik  thc mhqan c peperasmènwn ka-
tast�sewn ìpou k�je antikeÐmeno to opoÐo qeirÐzetai o upologist c xekin�ei me mÐa
arqik  kat�stash kai an�loga me tic sunj kec metabaÐnei se k�poia �llh. Tèloc ana-
ptÔqjhke, se Matlab, èna bohjhtikì prìgramma me to opoÐo par�gontai uyometrikoÐ
q�rtec. Oi teleutaÐoi qrhsimopoioÔntai gia th dhmiourgÐa twn edaf¸n twn apostol¸n
tou paiqnidioÔ.
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EuqaristÐec

Ja  jela na ekfr�sw tic jermèc euqaristÐec mou sthn k. AikaterÐnh Mani�, epiblèpou-
sa kajhg tria, gia thn kajod ghs  thc kai th bo jeia sthn ekpìnhsh thc paroÔsac
diplwmatik c. Euqarist¸ epÐshc touc kurÐouc kajhghtèc thc epitrop c gia to qrìno
pou afièrwsan kai tic parathr seic touc sqetik� me thn ergasÐa.

Euqarist¸ epÐshc ìlouc touc kajhghtèc kai bohjoÔc tou tm matoc twn Hlektro-
nik¸n Mhqanik¸n kai Mhqanik¸n Upologist¸n, tou PoluteqneÐou Kr thc, pou me
enèpneusan kai pou me èmajan na skèftomai san mhqanikìc, o opoÐoc gia ìlh tou th
zw  ja prospajeÐ na brÐsketai mprost� apì tic teqnologikèc exelÐxeic.

Tèloc den gÐnetai na mhn euqarist sw touc sumfoithtèc mou ekeÐnouc me touc opoÐ-
ouc moir�sthka ìlec tic skèyeic mou, tic stenaq¸riec kai tic qarèc, kat� th di�rkeia
thc diamon c mou sta Qani�. Gia thn 'Alkhsth loipìn, to LewnÐda, to Swt rh kai to
Gi�nnh!
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Kef�laio 1 7

Kef�laio 1

Eisagwg 

Ta hlektronik� paiqnÐdia s mera apèqoun polÔ apì thn eikìna pou èqei sqhmatÐsei gi'
aut� o mèsoc �njrwpoc. Prìkeitai plèon gia mia oloklhrwmènh biomhqanÐa h opoÐa
sunagwnÐzetai se eispr�xeic kai se dhmotikìthta tic biomhqanÐec kinhmatogr�fou kai
mousik c. Prìkeitai gia mia biomhqanÐa me proôpologismoÔc an�ptuxhc paiqnidi¸n pou
ft�noun ta ekatì ekatommÔria dol�ria kai me teqnologÐa pou eÐnai ikan  na par�gei
apèrantouc kai allhlepidrastikoÔc trisdi�statouc kìsmouc.

Akìma kai thn perÐodo aut , ìpou h oikonomik  krÐsh mastÐzei olìklhro ton pla-
n th, h biomhqanÐa twn binteopaiqnidi¸n proqwr� me stajer� anodik  poreÐa kai ka-
tafèrnei na èqei kèrdh rekìr. To par�doxo autì fainìmeno ofeÐletai sto gegonìc
ìti se antÐjesh me thn upìloiph biomhqanÐa logismikoÔ, h biomhqanÐa binteopaiqnidi¸n
jewreÐtai biomhqanÐa yuqagwgÐac! Ta hlektronik� paiqnÐdia apoteloÔn s mera mèso
yuqagwgÐac gia ìlec tic hlikÐec kai twn dÔo fÔlwn, me sqedìn oloklhrwtik  dieÐsdush
sto neanikì koinì kai ter�stia ap qhsh stouc en likec.

'Ereunec se Eur¸ph (ISFE-Interactive Software Federation of Europe) kai HPA
(ESA-Entertainment Software Association) anatrèpoun poll� stereìtupa sqetik� me
ton paÐkth binteopaiqnidi¸n. To pr¸to stereìtupo pou diayeÔdetai eÐnai ìti o paÐkthc
binteopaiqnidi¸n eÐnai �ndrac near c hlikÐac. 'Olec oi hlikÐec kai twn dÔo fÔlwn
paÐzoun paiqnÐdia, se ìlec tic platfìrmec paiqnidi¸n. Fusik� up�rqoun protim seic
an�loga me to fÔlo kai thn hlikÐa.

Pèra ìmwc apì th yuqagwgik  tou upìstash, èna hlektronikì paiqnÐdi eÐnai kai
èna proðìn teqnologÐac. ApaiteÐ exeidikeumènec gn¸seic programmatismoÔ kai kal  ka-
tanìhsh thc arqitektonik c thc platfìrmac paiqnidioÔ kai twn sÔnjetwn algorÐjmwn
kai teqnik¸n an�ptuxhc logismikoÔ.

Stic arqèc thc biomhqanÐac binteopaiqnidi¸n, h an�ptux  tou  tan sqetik� apl 
upìjesh. Gia thn an�ptuxh enìc emporik� epituqhmènou binteopaiqnidioÔ arkoÔsan h
èmpneush kai oi teqnikèc gn¸seic miac mikr c om�dac programmatist¸n. Qarakthri-
stikì eÐnai to par�deigma tou paiqnidioÔ “Space Invaders” (Taito, 1978), to opoÐo
anaptÔqjhke exolokl rou apì èna �tomo, se mia perÐodo 12 mhn¸n, kai ègine ter�stia
epituqÐa edrai¸nontac tic iapwnikèc etairÐec an�ptuxhc binteopaiqnidi¸n sthn pagkì-
smia agor�.

Ta sÔgqrona paiqnÐdia apoteloÔn plèon sullogik  prosp�jeia miac meg�lhc om�-
dac atìmwn me diakritoÔc rìlouc kai eidikìthtec. Gia thn an�ptux  touc den arkeÐ to
talènto enìc programmatist . Plèon mil�me gia om�dec an�ptuxhc pou apoteloÔntai
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apì senariogr�fouc, kallitèqnec trisdi�statwn montèlwn, uf¸n, sunjètec mousik c,
programmatistèc diepaf¸n, ergaleÐwn kai genik� eidikìthtec pou ja sumb�loun sto
sqediasmì tou paiqnidioÔ, th dhmiourgÐa tou perieqomènou tou kai thn an�ptuxh tou
k¸dika.

Oi selÐdec pou akoloujoÔn èrqontai gia na sumplhr¸soun to programmatisti-
kì komm�ti thc diplwmatik c ergasÐac me jèma “3D Computer Gaming using a
Game Engine”, ìpou pragmateÔetai thn an�ptuxh enìc trisdi�statou hlektronikoÔ
paiqnidioÔ me qr sh thc mhqan c paiqnidi¸n Torque.

To paiqnÐdi fèrei ton tÐtlo “WaterWar” kai basÐzetai sthn tainÐa mikroÔ m kouc
“World Water War”. Briskìmaste se èna ìqi kai tìso makrinì mèllon ìpou ènac
nèoc pagkìsmioc pìlemoc èqei xesp�sei. Sta b�jh thc afrikanik c hpeÐrou ènoplec
om�dec èqoun katafèrei na apokt soun to polutimìtero plèon agajì tou plan th,
gia to opoÐo kai gÐnetai o pìlemoc: èna mpouk�li nerì! H mình elpÐda gia pagkìsmia
eir nh eÐnai o Jack, ènac pr¸hn giatrìc pou èqei exeliqjeÐ se ènan nèo “John Rambo”
kai kaleÐtai na entopÐsei th jèsh ìpou ful�ssetai to <<pakèto>>.

To pr¸to kef�laio thc ergasÐac, ìpwc f�nhke parap�nw, perièqei plhroforÐec
gia th biomhqanÐa an�ptuxhc twn hlektronik¸n paiqnidi¸n kai apoteleÐ eisagwgikì
kef�laio gia thn ergasÐa.

To deÔtero kef�laio asqoleÐtai me tic mhqanèc paiqnidi¸n, to plèon aparaÐthto lo-
gismikì gia thn an�ptuxh enìc binteopaiqnidioÔ. Perigr�fontai ta uposust mata twn
mhqan¸n paiqnidi¸n, parajètontai oi shmantikìterec apì autèc kai analÔetai o lìgoc
gia ton opoÐo qrhsimopoi jhke h “Torque Game Engine” sthn paroÔsa diplwmatik .

To trÐto kef�laio èqei na k�nei apokleistik� me th mhqan  “Torque Game En-
gine”. GÐnetai mÐa pr¸th epaf  me th mhqan  all� kai th gl¸ssa senarÐwn Torque.

Sto tètarto kef�laio perigr�fetai to paiqnÐdi pou anaptÔqjhke. Prìkeitai gia th
f�sh thc sqedÐashc ìpou katagr�fontai analutik� me qartÐ kai molÔbi ìla ìsa prèpei
na anaptÔxei o programmatist c.

To pèmpto kef�laio eÐnai kajar� kalliteqnikì kai èqei na k�nei me thn an�ptuxh
twn trisdi�statwn montèlwn, kai ìqi mìno, pou apoteloÔn ta dedomèna tou paiqnidioÔ.
Sto Ðdio kef�laio xeqwrÐzei h an�ptuxh tou “TerrainGenarator”, enìc bohjhtikoÔ
progr�mmatoc pou aposkopeÐ sthn eÔkolh dhmiourgÐa edaf¸n gia to paiqnÐdi.

To èkto kef�laio eÐnai h an�ptuxh tou k¸dika thc efarmog c. EkeÐ analÔontai
jèmata ìpwc h arqitektonik  <<pel�th-exuphretht >>, o programmatismìc twn diepaf¸n,
tou sust matoc katagraf c all� kai thc teqnik  nohmosÔnhc.

To èbdomo kef�laio eÐnai katagraf  twn apotelesm�twn, twn parathr sewn kat�
thn an�ptuxh tou paiqnidioÔ kai twn mellontik¸n proekt�sewn thc efarmog c.
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Kef�laio 2

Mhqanèc Paiqnidi¸n

Sto kef�laio autì ja gÐnei mia genik  parousÐash twn mhqan¸n paiqnidi¸n. GÐne-
tai anafor� sto pwc ft�same na tic qrhsimopoioÔme gia th dhmiourgÐa paiqnidi¸n,
gia to ti eÐnai mhqan  paiqnidioÔ, ti sqèsh èqei me ta gnwst� stouc perissìterouc
DirectX/OpenGL, me poia krit ria thn epilègei kaneÐc kai poia eÐnai h mhqan  pou
qrhsimopoieÐtai sthn paroÔsa diplwmatik  ergasÐa.

2.1 AnakalÔptontac ton <<troqì>>

To 1961 èkane thn emf�nis  tou to “Spacewar”. Apotèlese ton propompì

Sq ma 2.1: To Spacewar en¸
trèqei se ènan PDP-1

gia autì pou kaloÔme s mera hlektronikì paiqnÐdi. O
dhmiourgìc tou akoÔei sto ìnoma Steve Russel, foi-
tht c tou M.I.T. Autì pou skèfthke den  tane tÐpote
�llo apì to na <<tup¸nei>> sthn ojình aploÔc qara-
kt rec ASCII, me kat�llhlh di�taxh kai suqnìthta,
¸ste na dÐnoun thn entÔpwsh antikeimènwn se kÐnhsh.

LÐga qrìnia argìtera, ta hlektronik� paiqnÐdia ja
gÐnoun gnwst� ston perissìtero kìsmo q�rh sthn
pr¸th <<paiqnidomhqan >>: prìkeitai gia thn konsìla
“Atari” pou kataskeu�sthke to 1972 . Thn Ðdia qro-
ni� sthn kukloforÐa dÐnetai to spoudaiìtero deÐgma a-
ploÔ paiqnidioÔ sthn istorÐa, to “Pong”. To “Pong”
 tan to pr¸to paiqnÐdi tou opoÐou ta dikai¸mata ago-
r�sthkan apì etaireÐa konsìlac kai epÐshc to pr¸to

paiqnÐdi pou ìrise basikoÔc algorÐjmouc gÔrw apì thn kÐnhsh twn grafik¸n.
Ft�noume sthn dekaetÐa tou '80. EkeÐ sunant�me to pio diaqronikì paiqnÐdi ìlwn

twn epoq¸n! 'Opwc swst� mantèyate prìkeitai gia to “Pac-Man”, mia idèa tou Tohru
Iwatani empneusmènh apì èna komm�ti pou èleipe apì thn pÐtsa pou eÐqe mprost�
tou! To “Pac-Man” èqei paiqteÐ p�nw apì 10 disekatommÔria forèc sthn eikos�qronh
poreÐa tou, en¸ kuklofìrhsan kai suneqÐzoun na kukloforoÔn di�forec ekdìseic tou.

H dekaetÐa tou '80 eÐnai h epoq  ìpou arqÐzoun na exelÐssontai oi paiqnidomh-
qanèc all� kai oi hlektronikoÐ upologistèc. Fusikì epakìloujo kai h exèlixh twn
paiqnidi¸n. DeleastikoÐ kai polÔqrwmoi tÐtloi èkanan thn emf�nish touc se upologi-
stèc ìpwc “Commodore”, “Amstrad”, “Amiga”. ExakoloujeÐ ìmwc h an�ptuxh enìc
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paiqnidioÔ na eÐnai <áp¸dunh>> diadikasÐa gia touc programmatistèc. Pèra apì touc
periorismoÔc lìgw ulikoÔ, o k¸dikac (pou kai sta pio apl� paiqnÐdia  tane polÔplo-
koc) èqane thn axÐa tou met� thn èkdosh. Oi neìterec dianomèc akìma kai tou Ðdiou
tou paiqnidioÔ, lìgw thc an�ptuxhc thc teqnologÐac, qrhsimopoioÔsan nèec teqnikèc
sqedÐashc kai èkanan qr sh epiplèon pìrwn.

<<To nerì ìmwc èqei mpei sto aul�ki>> kai sta mèsa tou 1990 arqÐzoume na mil�me
gia pèmpth geni�1 paiqnidi¸n. To 1993 h “id Software” dÐnei sthn kukloforÐa to
“Doom”. Prìkeitai gia èna paiqnÐdi stajmì sthn kathgorÐa twn << Pr¸tou Pros¸pou
Bol c >> (FPS-First Person Shooting). Ta trisdi�stata grafik� kai h dunatìthta
diktÔwshc tou  tan aut� pou xeq¸risan. Gia ìlouc ìmwc ìsouc asqoloÔntai s mera
me thn an�ptuxh paiqnidi¸n, to Doom qarakthrÐzetai wc prwtoporiakì gia ènan akìma
lìgo. Eis gage mia nèa mèjodo dhmiourgÐac paiqnidi¸n: th mhqan  paiqnidi¸n (“Game
Engine”)! Gia thn istorÐa, h mhqan  pou qrhsimopoi jhke  tan h Doom Engine.

Sq ma 2.2: Doom apì thn id Soft-
ware

TÐ to epanastatikì ìmwc èfere   nèa mèjo-
doc! Programmatistèc all� kai genik� ìsoi asqo-
loÔntan me paiqnÐdia upologist¸n, mporoÔsan na
<<peir�xoun>> ton pur na tou “Doom” kai na dh-
miourg soun èna nèo paiqnÐdi me dik� touc montè-
la, skhnik�, mousik . Oi etaireÐec �rqisan na gr�-
foun mhqanèc   na sthrÐzontai stic  dh up�rqou-
sec gia thn an�ptuxh twn nèwn tÐtlwn. Endeiktik�
ta “Unreal Tournament”, “Tom Clancy’s Splin-
ter Cell”, “BioShock” èqoun wc b�shc touc thn
Unreal Engine thc Epic Games.

S mera den noeÐtai an�ptuxh hlektronikoÔ pai-
qnidioÔ qwrÐc qr sh k�poiac mhqan c. Autì se
kamÐa perÐptwsh den shmaÐnei ìti prèpei na gr�-

youme th dik  mac gia na dhmiourg soume to pr¸to mac paiqnÐdi. Den qrei�zetai na
<�nakalÔyoume kai p�li ton troqì>>! Sthn istoselÐda
http://wiki.gamedev.net/index.php/Game_Engines up�rqei mÐa lÐsta me mhqa-
nèc paiqnidi¸n. Th stigm  pou xekÐnhse to parìn keÐmeno up rqan katagegrammènec
parap�nw apì 100!

2.2 TÐ eÐnai mÐa mhqan  paiqnidioÔ (Game Engine)

Mhqan  paiqnidioÔ eÐnai o pur nac (apì th skopi� tou logismikoÔ)
enìc hlektronikoÔ paiqnidioÔ, pou epitrèpei thn ektèles  tou. Ba-
sik� prìkeitai gia thn sullog  tmhm�twn k¸dika (modules) pou su-
nerg�zontai gia na <<trèxei>> to paiqnÐdi.

PoÔ stamat�ei ìmwc h mhqan  kai poÔ xekin�ei to paiqnÐdi; PolloÐ eÐnai autoÐ pou
tautÐzoun tic dÔo ènnoiec. H mhqan  eÐnai autì pou lème h <<kardi� kai to mualì>>.
EÐnai autì pou sou epitrèpei na kineÐc to qarakt ra sou, na blèpeic, na akoÔc, na
allhlepidr�c me antikeÐmena. PerikleÐei k¸dika kai sunart seic gia na dieukolÔnei
thn an�ptuxh tou paiqnidioÔ. Ac fantastoÔme to ex c aplì sen�rio: qeirizìmaste mia

11h geni�:1972-1977, 2h geni�:1976-1984, 3h geni�:1983-1992, 4h geni�:1987-1996, 5h geni�:1993-
2002, 6h geni�:1998-2006, 7h geni�:2004-...
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figoÔra pou eisèrqetai se mia sphli� kai sugkentr¸nei qrus� nomÐsmata pou brÐskei.
To paiqnÐdi, se aut n th perÐptwsh, eÐnai h idèa gia to ti prèpei na k�noume, ti ja
gÐnei afoÔ sugkentr¸soume ta nomÐsmata, ti qarakt rec up�rqoun se autì to st�dio
kaj¸c kai ì,ti �llo blèpoume ìpwc d�dec fwti�c sth sphli�, o qrìnoc pou apomènei, o
metrht c nomism�twn. Sto Ðdio sen�rio, h mhqan  eÐnai oi krummènoi ekeÐnoi mhqanismoÐ
pou sou dÐnoun th dunatìthta na qrhsimopoi seic to plhktrolìgio gia na kin seic to
qarakt ra, pou elègqoun ìti den mporeÐc na per�seic mèsa apì empìdia pou brÐskontai
sto drìmo sou, pou sqedi�zoun th skhn  ètsi ¸ste oi aktÐnec tou  liou na antanakloÔn
sth limnoÔla dÐpla sthn eÐsodo thc sphli�c!

Katal�bame loipìn ìti mhqan  paiqnidioÔ kai paiqnÐdi den eÐnai to Ðdio kai to autì.
Ac doÔme ìmwc t¸ra to lìgo pou h pr¸th apoteleÐ anapìspasto krÐko sthn alusÐda
an�ptuxhc enìc hlektronikoÔ paiqnidioÔ. Apì mìno tou èna paiqnÐdi den eÐnai tÐpota pe-
rissìtero apì èna prìgramma (pio exeidikeumènhc morf c bèbaia), grammèno se k�poia
gl¸ssa programmatismoÔ. Autì shmaÐnei ìti mporoÔme na <<doulèyoume>> p�nw tou
ìpwc ja k�name se k�poia koin  efarmog . Wstìso orismènec apì tic ergasÐec pou
prèpei na gÐnoun, ja tic xanasunant soume se k�je apìpeira dhmiourgÐac enìc nèou
paiqnidioÔ. Gia par�deigma ja anagkastoÔme na sumperil�boume k¸dika sqetikì me ba-
sikèc leitourgÐec tou leitourgikoÔ sust matoc   k¸dika pou ja ulopoieÐ èna montèlo
<<pel�th-exuphretht >> kai ja epitrèpei th diktÔwsh tou. GiatÐ na programmatÐzoume
ta Ðdia pr�gmata se k�je nèa seir� tou tÐtlou mac! Autì eÐnai kai to meg�lo ple-
onèkthma thc an�ptuxhc paiqnidi¸n me th bo jeia mhqan c. Sugkentr¸noume ìla
ta koin�, leitourgik� stoiqeÐa twn paiqnidi¸n mac, ta <<gr�foume>> mÐa for� kai ta
<<krÔboume>> se èna maÔro, gia to paiqnÐdi, koutÐ. 'Omwc exÐsou shmantikì jewreÐtai
kai to parak�tw. Oi perissìterec mhqanèc epitrèpoun sta paiqnÐdia na ektelestoÔn
se opoiad pote platfìrma! Me ton ìro platfìrma ennooÔme eÐte k�poia konsìla
(p.q. XBox) eÐte proswpikoÔc upologistèc kai kat� epèktash èna apì ta gnwst�
leitourgik� sust mata (MS Windows, Linux, Mac OS X).

Kairìc na <<summazèyoume>> ìla ta parap�nw, kai na krat soume ìti:
mÐa Mhqan  PaiqnidioÔ eÐnai h org�nwsh k¸dika pou epitrèpei to
diaqwrismì twn genik¸n leitourgi¸n enìc paiqnidioÔ, apì tic pio
exeidikeumènec leitourgÐec tou. S mera oi meg�lec etaireÐec tou q¸rou qrh-
simopoioÔn th dik  touc mhqan , thn opoÐa kai èqoun anaptÔxei stadiak� kai afoÔ
èqoun entopÐsei ta basik� gnwrÐsmata twn efarmog¸n touc. M�lista pollèc apì au-
tèc èqoun katoqur¸sei ta dikai¸mat� touc p�nw ston k¸dika, ètsi ¸ste ìsoi jèloun
na qrhsimopoi soun th mhqan  na prèpei na katab�loun k�poio antÐtimo. Wc par�-
deigma anafèroume thn “Epic Games”, ìpou kostologeÐ thn “Unreal Engine 2” sto
posì twn triakosÐwn pen nta qili�dwn dolarÐwn! Apì thn �llh up�rqoun mhqanèc
<�noiqtoÔ k¸dika>>. O k¸dikac touc eÐnai diajèsimoc sto diadÐktuo kai o kajènac eÐnai
eleÔjeroc na ton prosarmìsei stic an�gkec tou, qwrÐc kanèna kìstoc.

2.3 Ta basik� mèrh mÐac mhqan c paiqnidioÔ

MÐa tupik  mhqan  apoteleÐtai apì trÐa tm mata, trÐa uposust mata: th <<mhqan  a-
pìdoshc>> (“Renderer”), th <<fusik  mhqan >> (“Physical Engine”) kai to <<gr�fo
skhn c>> (“Scene Graph”).
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2.3.1 Mhqan  apìdoshc (Renderer)

H mhqan  apìdoshc eÐnai ekeÐnh ìpou upologÐzei pwc emfanÐzetai
h skhn  ston paÐkth/parathrht  kai pwc h aparaÐthth plhroforÐa
gia autì apojhkeÔetai sth mn mh.

Sq ma 2.3: Trisdi�stato montèlo
sqediasmèno me mikrì arijmì polu-
g¸nwn

Gia na gÐnei katanohtìc o orismìc, ac fèrou-
me sto mualì mac to pio aplì trisdi�stato mo-
ntèlo, ton kÔbo. O kÔboc apoteleÐtai apì okt¸
shmeÐa (vertices), èna se k�je mÐa apì tic okt¸
gwnÐec tou. Ta shmeÐa en¸nontai, an� dÔo, me
eujeÐec grammèc (edges) kai sqhmatÐzontai èxi e-
pif�neiec (surfaces). K�je epif�neia diaireÐtai se
dÔo polÔgwna (se dÔo trÐgwna gia thn akrÐbeia).
Epiplèon mporeÐ o kÔboc na èqei th mÐa tou epi-
f�neia <<diafan >>   na èqei k�poia sugkekrimènh
<Íf >> (texture). 'Ola ta parap�nw katagr�fon-
tai kai apojhkeÔontai apì th mhqan  apìdoshc.
Qrhsimopoi¸ntac thn plhroforÐa aut  kai me th
bo jeia thc k�rtac grafik¸n, ìpwc ja doÔme pa-
rak�tw, to en lìgw uposÔsthma dhmiourgeÐ po-
lÔgwna (bl. sq ma 2.3) kai sqedi�zei telik� to
trisdi�stato montèlo tou kÔbou.

Me ton Ðdio trìpo sqhmatÐzontai ìla ta
montèla thc skhn c. Sth sunèqeia h mhqan  apìdoshc k�nei upologismoÔc gia to
fwc pou diaqèetai p�nw touc, gia to an up�rqoun antanakl�seic stic epif�neiec, se
poia antikeÐmena ja emfanÐzetai ski� kai poÔ, me b�sh tic fwteinèc phgèc, kai olo-
klhr¸nei to poludi�stato èrgo thc me thn diadikasÐa thc dialog c (culling).

Dialog  (Culling)

Oi montèrnec k�rtec grafik¸n eÐnai sqediasmènec ¸ste na qeirÐzontai kai na emfanÐ-
zoun qili�dec polÔgwna to deuterìlepto. 'Omwc gia ìla up�rqei k�poioc periorismìc.

'Estw loipìn ènac trisdi�statoc eikonikìc kìsmoc apoteloÔmenoc apì qili�dec
polÔgwna. Se k�poio shmeÐo tou brÐsketai o qarakt rac <<pr¸tou pros¸pou>> pou
qeirizìmaste kai parathreÐ proc mÐa kateÔjunsh. Sthn kateÔjunsh aut  up�rqoun
montèla (dhlad  polÔgwna) pou eÐnai orat� all� kai montèla pou den faÐnontai (gia
par�deigma ènac �lloc qarakt rac pou brÐsketai pÐsw apì k�poio pètrino toÐqo).
Me th diadikasÐa thc dialog c, epilègontai kai sqedÐazontai mìno
ta orat�, gia ton parathrht , polÔgwna! Epitugq�netai ètsi kalÔterh
taqÔthta sto paiqnÐdi kai uyhlìc bajmìc karè2 (frame rate).

2.3.2 Fusik  mhqan  (Physical Engine)

H fusik  mhqan  eÐnai upeÔjunh gia tic perissìterec leitourgÐec thc mhqan c paiqni-
dioÔ. EÐnai to uposÔsthma ekeÐno pou qeirÐzetai tic sugkroÔseic, th diktÔwsh, ton  qo

2PolloÐ jewroÔn ìti ènac bajmìc karè kont� sta 30 fps eÐnai ikanopoihtikìc gia k�poio paiqnÐdi.
Wstìso autì eÐnai sqetikì. Gia par�deigma ta grafik� tou “Call of Duty 4: Modern Warfare”
anadeiknÔontai ìtan to mhq�nhm� mac èqei th dunatìthta na epitÔqei 60 fps.
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kai ta kinoÔmena grafik�, th gl¸ssa dèsmhc energei¸n kai th teqnik  nohmosÔnh.

AnÐqneush sugkroÔsewn (Collision Detection)

Prìkeitai gia th diadikasÐa me thn opoÐa elègqoume an mèsa ston
kìsmo tou paiqnidioÔ, dÔo   parap�nw antikeÐmena èrqontai se e-
paf . H sÔgkroush sunep�getai k�poiou eÐdouc diadrastikìthtac antikeimènwn sto
q¸ro autì.

'Hqoc (Sound)

O  qoc paÐzei shmantikì rìlo sta montèrna paiqnÐdia miac kai sumb�lei sth dhmiourgÐa
thc atmìsfairac pou jèlei na petÔqei o dhmiourgìc. H fusik  mhqan  sugkentr¸nei
kai apojhkeÔei  qouc kai kajorÐzei sto antÐstoiqo ulikì pìte na touc anapar�gei.

Wstìso h enèrgeia aut  den eÐnai tìso apl  ìso akoÔgetai. 'Opwc sumbaÐnei
kai me to fwc, o  qoc ephre�zetai apì to perib�llon. 'Etsi an jèloume na èqoume
èna realistikì paiqnÐdi prèpei, gia par�deigma, h mhqan  na par�gei ènan amudrì  qo
pou proèrqetai apì to b�joc enìc skoteinoÔ toÔnel kai ìso o qarakt rac plhsi�zei
proc thn phg  tou na gÐnetai pio kajarìc. Epiplèon ta petr¸mata pou up�rqoun sto
toÔnel, ja k�noun ton  qo na akoÔgetai diaforetikìc. Gia ta parap�nw �lla kai gia
enèrgeiec ìpwc h sumpÐesh kai h aposumpÐesh twn arqeÐwn  qou eÐnai upeÔjuno to en
lìgw uposÔsthma.

Gl¸ssa dèsmhc energei¸n (Scripting Language)

MÐa <<gl¸ssa dèsmhc energei¸n>> eÐnai kai aut  mÐa gl¸ssa programmatismoÔ ìpwc h
C, C++, me th basik  diafor� ìti den metafr�zetai (not compiled). Gia to lìgo autì
ta tm mata enìc paiqnidioÔ pou èqoun programmatisteÐ me <<gl¸ssa dèsmhc energei¸n>>
eÐnai pio arg� apì ta paradosiak� tm mata pou èqoun grafteÐ, gia par�deigma, me
C++. Apì thn �llh ìmwc o programmatist c mporeÐ na tropopoieÐ èna <<sen�rio>>
(script) ìsec forèc jèlei qwrÐc na eÐnai anagkasmènoc na perimènei to <<metafrast >>
(compiler) na oloklhr¸sei th met�frash. EpÐshc ja mporoÔse na uposthrÐxei k�poioc
ìti oi <<gl¸ssec senarÐwn>> eÐnai arket� euèliktec miac kai den qrei�zetai na dhl¸nontai
tÔpoi dedomènwn, na arqikopoioÔntai metablhtèc   na lamb�netai upìyin o q¸roc pou
prèpei na desmeuteÐ sth mn mh gia k�poio antikeÐmeno.

Sta shmerin� paiqnÐdia h qr sh <<glwss¸n senarÐwn>> eÐnai sqedìn kanìnac. Ta
<<sen�ria>> qrhsimopoioÔntai gia na en¸soun ta diaforetik� tm mata
miac mhqan c ètsi ¸ste na èqoume èna pl rec leitourgikì paiqnÐdi.
Gia par�deigma me <<sen�ria>> ulopoieÐtai o èlegqoc kai h sumperifor� tou qarakt ra, o
qrìnoc pou apomènei gia na oloklhrwjeÐ to paiqnÐdi, oi bajmoÐ pou kerdÐzei o paÐkthc.

KinoÔmena grafik� sqèdia (Animations)

'Ena trisdi�stato montèlo mporeÐ na eÐnai sqediasmèno ètsi ¸ste na mhn xeqwrÐzei
apì to pragmatikì. Wstìso an h kÐnhsh tou eÐnai <<ftwq >>, tìte ìlh h doulei� sth
sqedÐash eÐnai �dikoc kìpoc!
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Sta paiqnÐdia upologist¸n èqoume dÔo kathgorÐec kinoumènwn grafik¸n: ta <<ba-
sismèna sto plègma3>> kinoÔmena grafik� (mesh based animation) kai ta <<skelet¸dh>>
(skeletal animation). H pr¸th kathgorÐa eÐnai o paradosiakìc trìpoc kinoumènwn
sqedÐwn. O sqediast c kajorÐzei gia k�je karè (frame) th nèa jèsh twn shmeÐwn twn
polug¸nwn. Ektìc to ìti h diadikasÐa aut  apaiteÐ polÔ qrìno, ta en lìgw grafik�
den endeÐknuntai gia <<fusik�>>/<<zwntan�>> grafik�! Se aut n thn perÐptwsh qrhsimo-
poioÔme ta <<skelet¸dh>> kinoÔmena grafik�, ìpou se k�je montèlo dÐnoume ènan arijmì
apì <åst�>> (ìpwc se ènan pragmatikì skeletì). K�je for� pou kineÐtai èna apì aut�,
h mhqan  upologÐzei pwc ephre�zontai ta upìloipa.

DiktÔwsh (Networking)

S mera ta perissìtera paiqnÐdia dÐnoun th dunatìthta se polloÔc qr stec na sunde-
joÔn se k�poio dÐktuo kai na paÐxoun metaxÔ touc. 'Etsi den eÐnai lÐgec oi mhqanèc pou
fèroun ta aparaÐthta prwtìkolla gia to skopì autì (h pleioyhfÐa qrhsimopoieÐ ta
TCP- Transmission Control Protocol kai UDP-User Datagram Protocol). M�lista
oi perissìterec ulopoioÔn to montèlo <<pel�th-exuphretht >> (Client-Server
architecture). O pel�thc kai o exuphretht c mporeÐ na brÐskontai eÐte sto Ðdio
mhq�nhma, eÐte se diaforetik� mhqan mata sundedemèna se dÐktuo. To sugkekrimèno
montèlo epitrèpei:

• thn anamenìmenh diktÔwsh pollapl¸n qrhst¸n (multiplayers),

• thn an�ptuxh paiqnidi¸n kai gia èna �tomo (single-player) kai gia parap�nw,
(multiplayers) qwrÐc epiplèon programmatismì ston k¸dika tou paiqnidioÔ,

• th swst  org�nwsh twn leitourgi¸n thc mhqan c (gia par�deigma h mhqan 
paiqnidi¸n Torque, thc GarageGames, diaqeirÐzetai ston exuphretht  ta <<su-
statik�>> ìpwc qarakt rec, oq mata, kai af nei ston pel�th tic diasundèseic),

• thn apofug  k�poioc paÐkthc na èqei prìsbash se k¸dika pou tropopoi¸ntac
ton na katafèrei na <<klèyei>>.

Teqnht  nohmosÔnh (Artificial Intelligence)

Gia mÐa mhqan  paiqnidioÔ, o ìroc teqnht  nohmosÔnh anafèretai
stic teqnikèc ekeÐnec pou dhmiourgoÔn thn yeudaÐsjhsh ìti oi qa-
rakt rec pou den qeirÐzontai apì ton paÐkth èqoun thn eufuòa na
proboÔn se k�poiec enèrgeiec. Sun jwc oi teqnikèc autèc proèrqontai apì
thn epist mh thc teqnht c nohmosÔnhc. Wstìso qrhsimopoioÔntai kai algìrijmoi apì
jewrÐa elègqou, rompotik  kai epist mh upologist¸n genik¸c.

Autì pou prèpei na tonÐsoume eÐnai ìti h teqnht  nohmosÔnh twn paiqnidi¸n, hje-
lhmèna den proseggÐzei thn anjr¸pinh logik . Stìqoc twn paiqnidi¸n eÐnai h diaskè-
dash, opìte gÐnontai k�poiec upoqwr seic wc proc thn <áxomoÐwsh>> thc anjr¸pinhc
sumperifor�c apì th fusik  mhqan .

3Plègma eÐnai h sullog  twn shmeÐwn, twn akm¸n kai twn epifanei¸n ìpou kajorÐzoun èna
poluedrikì antikeÐmeno.
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2.3.3 Gr�foc skhn c (Scene Graph)

Gia na mporèsei h mhqan  na sqedi�sei trisdi�stata antikeÐmena prèpei na xèrei th
di�tax  touc ston eikonikì kìsmo. Qrei�zetai epÐshc na krat�ei plhroforÐec ìpwc
allagèc sthn kat�stash twn montèlwn kai ston prosanatolismì touc.

O gr�foc skhn c eÐnai o mhqanismìc ekeÐnoc pou perièqei thn parap�nw plhro-
forÐa. EÐnai mia eidik  morf  kateujunìmenou gr�fou pou krat�ei
ta dedomèna gia ìlec tic ontìthtec tou eikonikoÔ kìsmou, se domèc
pou kaloÔntai kìmboi (nodes). Wc ontìthta ennooÔme opoiod pote sustatikì
tou paiqnidioÔ me pio sunhjismènec ta trisdi�stata sq mata, touc  qouc kai ta f¸ta.

Sq ma 2.4: Par�deigma gr�fou skhn c

'Otan ft�sei h stigm  thc sqedÐashc h mhqan  k�nei prospèlash tou gr�fou,
qrhsimopoi¸ntac deÐktec, gia na metakinhjeÐ ston epìmeno proc sqedÐash kìmbo k�je
for�. EkeÐ efarmìzei tic enèrgeiec pou prèpei na gÐnoun kai stadiak� sqhmatÐzetai o
kìsmoc tou paiqnidioÔ.

2.4 OpenGL, DirectX kai h sqèsh touc me mÐa mhqa-
n  paiqnidioÔ

KaloÔme diepaf  programmatismoÔ efarmog¸n (Application Program-
ming Interface-API) th diasÔndesh twn programmatistik¸n diadika-
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si¸n pou èna leitourgikì sÔsthma, biblioj kh   efarmog  parèqei
prokeimènou na epitrèpei na gÐnontai proc autì ait seic apì �lla
progr�mmata kai/  antallag  dedomènwn.

K�poiec forèc ènac orismìc apì mìnoc tou dhmiourgeÐ perissìtera erwt mata a-
pì aut� pou prospajeÐ na exhg sei. K�ti tètoio sumbaÐnei kai sthn perÐptwsh thc
diepaf c programmatismoÔ efarmog¸n (diepaf  gia suntomÐa). MÐa sqetik  me ton
ìro èreuna, stic koinìthtec tou diadiktÔou, anadeiknÔei pl joc qrhst¸n pou zht�ne
<<qeiropiast >> ermhneÐa!

'Estw loipìn h gl¸ssa programmatismoÔ Java. Me thn Java gr�foume ton phgaÐ-
o mac k¸dika (kajorÐzei touc basikoÔc tÔpouc dedomènwn, me poiec entolèc k�noume
epan�lhyh, pwc epistrèfoume mÐa tim  klp.). 'Etsi ìmwc ulopoioÔme mìno basikèc
leitourgÐec! TÐ gÐnetai an jèloume na dhmiourg soume èna grafikì perib�llon me
par�jura; Ja prèpei k�poia tm mata tou k¸dik� mac na aforoÔn to leitourgikì sÔ-
sthma, opìte mil�me gia megalÔtero k¸dika kai poluplokìthta. Gia autì to lìgo
ìlec oi sÔgqronec ulopoi seic glwss¸n mac parèqoun ètoima tm mata k¸dika me th
morf  bibliojhk¸n/ergaleÐwn. TÐ sqèsh èqoun t¸ra ìla aut� me ton ìro diepaf ;
H diepaf  eÐnai sthn ousÐa o trìpoc me ton opoÐo epikoinwnoÔme me tic biblioj kec,
dhlad  oi sunart seic, oi mèjodoi, ta antikeÐmena pou mporoÔme na kalèsoume ¸ste
na qrhsimopoi soume tic dunatìthtec pou mac parèqoun oi biblioj kec.

Autì akrib¸c eÐnai kai ta DirectX kai OpenGL. Sullogèc ento-
l¸n pou parèqoun to mèso ekeÐno me to opoÐo mÐa mhqan  paiqnidioÔ
(genik¸c k�poia efarmog ) ja apokt sei prìsbash sthn k�rta gra-
fik¸n. H mhqan  apìdoshc, mèsw thc diepaf c, stèlnei tic aparaÐthtec plhroforÐec
(jèseic shmeÐwn, sunart seic eujei¸n kai kurt¸n gramm¸n k.a.) sthn k�rta ètsi ¸-
ste h teleutaÐa na xèrei me poio trìpo na en¸sei shmeÐa gia na sqedi�sei trigwnik�
polÔgwna kai na prokÔyei to telikì trisdi�stato montèlo.

S mera, sto q¸ro an�ptuxhc paiqnidi¸n èqoun epikrat sei oi dÔo diepafèc pou
proanafèrame. H DirectX anaptÔqjhke apì thn Microsoft kai uposthrÐzetai mìno
apì ta leitourgik� sust mat� thc (ìqi mìno twn proswpik¸n upologist¸n all� kai
twn paiqnidomhqan¸n Xbox kai Xbox 360). Antijètwc h OpenGL thc Silicon Graph-
ics, eÐnai diajèsimh se pollèc diaforetikèc platfìrmec. Wstìso �llec shmantikèc
diaforèc metaxÔ twn dÔo den up�rqoun. AxÐzei ìmwc na shmeiwjeÐ ìti en¸ arqik� h
DirectX usteroÔse wc proc thn èterh diepaf , stic mèrec mac lìgw thc sunergasÐac
thc Microsoft me etaireÐec paragwg c kart¸n grafik¸n faÐnetai na eÐnai pio exelÐximh
apì thn OpenGL!

2.5 Krit ria epilog c mhqan c

H dhmiourgÐa mhqan c paiqnidioÔ eÐnai mÐa polÔplokh diadikasÐa. ApaiteÐ idiaÐterec
programmatistikèc ikanìthtec kai gn¸seic, polÔ qrìno (mèsa ston opoÐo suneq¸c ja
prèpei na lamb�nontai upìyin oi allagèc se ulikì kai diepafèc) kai ektìc autoÔ to
telikì apotèlesma endèqetai na mhn eÐnai to epijumhtì. Akìma kai oi megalÔterec
etaireÐec an�ptuxhc paiqnidi¸n qrhsimopoioÔn  dh up�rqousec mhqanèc. Opìte den ja
prèpei na up�rqoun endoiasmoÐ apì touc nèouc sto q¸ro gia th qr sh aut¸n. To mìno
gia to opoÐo ja prèpei na anhsuqoÔn eÐnai h swst  epilog  thc mhqan c. AkoloujoÔn
ta basikìtera krit ria gia thn epilog  mÐac mhqan c paiqnidi¸n.
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2.5.1 'Adeia qr shc kai kìstoc

Sthn arq  tou kefalaÐou dìjhke o istoq¸roc http://wiki.gamedev.net/index.
php/Game_Engines ìpou perièqei mÐa lÐsta me mhqanèc paiqnidi¸n. Gia k�je mhqan 
up�rqoun plhroforÐec ìpwc h gl¸ssa programmatismoÔ, h diepaf  pou qrhsimopoieÐ,
h upost rixh diktÔwshc kai h �deia qr shc.

Melet¸ntac thn teleutaÐa aut  st lh ja broÔme mhqanèc me to qarakthristikì
“free”   “open source”. Autì shmaÐnei ìti mporeÐ opoiosd pote na tic apokt sei
qwrÐc kìstoc, na qrhsimopoi sei autoÔsio ton k¸dika   na ton tropopoi sei ¸ste
na kalÔptei tic an�gkec tou. Den èqei kanènan periorismì. Wstìso an jèlei na
akolouj sei to pneÔma tou <�noiqtoÔ logismikoÔ>> kalì ja eÐnai oi parathr seic tou,
oi belti¸seic ston k¸dika na koinopoioÔntai sthn koinìthta thc mhqan c!

K�poiec �llec mhqanèc brÐskontai upì thn prostasÐa adei¸n tÔpou GPL/LPGL.
Oi �deiec autèc upoqre¸noun th dhmosÐeush tou k¸dika thc efarmog c pou anaptÔ-
qjhke me th mhqan . EpÐshc ta paiqnÐdia pou sthrÐzontai se autèc mporoÔn na anti-
gr�fontai qwrÐc thn �deia tou dhmiourgoÔ.

Tèloc èqoume tic mhqanèc gia emporikoÔc skopoÔc. To kìstoc aut¸n den eÐnai
stajerì kai exart�tai apì arketoÔc par�gontec. Gia par�deigma mporeÐ:

• na eÐnai eleÔjerec gia qr sh all� h prìsbash ston k¸dika na apaiteÐ k�poio
antÐtimo,

• na èqoun sqetik� qamhl  tim  all� na exart¸ntai apì akrib� progr�mmata sqe-
dÐashc montèlwn,

• na apaitoÔn epÐ plèon qr mata gia tic enhmer¸seic,

• na qrei�zetai h agor� adei¸n gia k�je programmatist  miac om�dac,

• na up�rqei �llh tim  gia meg�lec etaireÐec paragwg c paiqnidi¸n kai �llh gia
anex�rthtouc programmatistèc.

Perissìterec p�ntwc plhroforÐec gia ta dikai¸mata kai tic upoqre¸seic apì th
qr sh miac mhqan c, up�rqoun sto ek�stote sumfwnhtikì adeÐac pou mporoÔme na
broÔme stic epÐshmec istoselÐdec aut¸n.

2.5.2 SqedÐash paiqnidioÔ

Oi apait seic se sqedÐash pou èqoume gia to paiqnÐdi ephre�zoun kai thn epilog 
thc mhqan c. An gia par�deigma stìqoc mac eÐnai èna paiqnÐdi me autokÐnhta tìte h
mhqan  ja prèpei na uposthrÐzei exomoÐwsh kÐnhshc oqhm�twn   toul�qiston na mporeÐ
na enswmat¸sei k�poio sqetikì montèlo fusik c. MporeÐ na jèloume polloÐ qr stec
na paÐzoun anametaxÔ touc opìte qr sh thc “Torque” gia par�deigma, pou uposthrÐzei
diktÔwsh, apoteleÐ sof  kÐnhsh!

2.5.3 Perib�llon-platfìrmec

Ja dhmiourg soume mia efarmog  gia proswpikì upologist    gia k�poia paiqnidomh-
qan ; Sthn pr¸th perÐptwsh tÐ leitourgikì ja èqoume; Up�rqoun mhqanèc gia an�-
ptuxh se Windows, Linux, PS2 ktl, all� kai mhqanèc anexart twc platfìrmac (gia
par�deigma h “UnrealEngine2”).
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H epilog  perib�llontoc an�ptuxhc wstìso den eÐnai tìso eÔkolh. K�poioc ane-
x�rthtoc dhmiourgìc Ðswc skefteÐ ìti ènac tÐtloc gia Linux ja gnwrÐsei megalÔterh
z thsh apì ìti gia Windows, ìpou sthn teleutaÐa perÐptwsh h agor� èqei kat� k�poio
trìpo <<koresteÐ>>. ProkÔptoun ìmwc �lla jèmata.

'Otan xekÐnhse h paroÔsa ergasÐa ègine mia apìpeira gia dhmiourgÐa paiqnidioÔ apo-
kleistik� gia leitourgikì Linux me stìqo na katarrifjeÐ o mÔjoc twn Windows wc to
epikratèstero leitourgikì gia thn an�ptuxh paiqnidi¸n. Met� apì èreuna epilèqjhke
h “Delta3D” (http://www.delta3d.org/). Prìkeitai gia mhqan  <�noiktoÔ k¸dika>>
pou anaptÔqjhke apì to Amerik�niko nautikì kai qrhsimopoi jhke arqik� wc mhqan 
exomoÐwshc. S mera brÐskei efarmog  kai se �llouc tomeÐc ìpwc h diaskèdash.

EÐnai grammènh se gl¸ssa C++, par�gei trisdi�stata grafik�, uposthrÐzei  -
qo kai diktÔwsh kai eÐnai diajèsimh gia platfìrmec Linux, Windows kai MacOSX.
H egkat�stash ègine mèsw progr�mmatoc diaqeÐrishc pakètwn (“synaptic”). Me ton
trìpo autì metaglwttÐzetai o k¸dikac k�poiac efarmog c all� kai ìlec oi aparaÐth-
tec biblioj kec. Den �rghsan ìmwc na parousiastoÔn ta pr¸ta probl mata. Kat�
th dokim  thc mhqan c (kai en¸ h egkat�stash eÐqe kul sei omal�) emfanÐsthkan a-
sumbatìthtec me �lla pakèta (sugkekrimèna me to ergaleÐo “OpenSceneGraph” pou
qrhsimopoieÐ h mhqan  gia ta grafik�). H koinìthta thc Delta3D amèswc xekÐnhse na
y�qnei gia lÔsh qwrÐc ìmwc k�poio �meso apotèlesma. EgkataleÐfjhke ètsi h arqik 
idèa.

2.5.4 ProðstorÐa mhqan c

Qr simh plhroforÐa mporeÐ na apodeiqteÐ to <<pareljìn>> thc mhqan c. An èqei  dh
qrhsimopoihjeÐ sthn an�ptuxh paiqnidi¸n, emporik¸n kai mh, shmaÐnei ìti èqei dokima-
steÐ kai den ja brejoÔme sth dus�resth jèsh na eÐmaste emeÐc pou ja broÔme pr¸toi
ta l�jh thc.

2.6 Mhqanèc �xiec prosoq c

Sthn paroÔsa enìthta parousi�zontai dèka emporikèc kai dèka eleÔjerec mhqanèc.
H epilog  ègine me b�sh tic krhtikèc pou sugkentr¸noun sthn istoselÐda DevMas-
ter.net. Prìkeitai gia mÐa apì tic megalÔterec phgèc plhrofìrhshc p�nw sthn an�ptu-
xh paiqnidi¸n kurÐwc gia anex�rthtouc programmatistèc. Apì thn lÐsta apousi�zoun
oi pio gnwstèc emporikèc mhqanèc ìpwc h “Unreal”, miac kai gia k�poion ektìc meg�lhc
etaireÐac eÐnai sqedìn adÔnaton na èqei doulèyei me mÐa tètoia!

2.6.1 H <<dek�da>> twn emporik¸n mhqan¸n

Mhqan  Gl¸ssa Platfìrma Diepaf  'Hqoc DiktÔwsh Gl¸ssa
senarÐwn

Torque
Game
Engine

C++ Windows,
Linux,
MacOS

DirectX,
OpenGL

2D Sound,
3D Sound,
Streaming
Sound

Client-
Server

Torque
Script
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• UPER: από τις πιο οικονομικές εμπορικές μηχανές με διαθέσιμο τον κώδικα, μεγάλη
κοινότητα, υποστήριξη πολλών τρισδιάστατων μοντέλων

• KATA: δεν υποστηρίζει σκιαστές (Shaders)

TV3D
SDK
6.5

C++,
.Net,
VB,
Delphi

Windows DirectX 2D Sound,
3D Sound,
Streaming
Sound

Αναμένεται VBscript,
Python,
Java Script

• UPER: εύκολη στη χρήση

• KATA: δεν διατίθεται ο κώδικας

A7 (3D
GameS-
tudio)

C++,
Delphi

Windows DirectX 3D Sound Client-
Server,
Master
Server

Lite-c

• UPER: εύκολη στη χρήση και για όσους δεν γνωρίζουν προγραμματισμό

• KATA: δεν διατίθεται ο κώδικας, περιορισμένη σε δυνατότητες γλώσσα σεναρίων

C4 En-
gine

C/C++ Windows,
MacOS,
PS3

OpenGL 2D sound,
3D Sound,
Streaming
Sound

Client-
Server

Visual
Scripting

• UPER: καλή υποστήριξη προερχόμενη από τον ίδιο το δημιουργό της μηχανής, εξελίσ-
σεται συνεχώς

• KATA: στην πραγματικότητα δεν υπάρχει γλώσσα σεναρίων. Πρόκειται για ένα παρά-
θυρο όπου τα σενάρια διορθώνονται γραφικά για βοήθεια στους σχεδιαστές

Unity C# Windows,
MacOS

DirectX,
OpenGL

2D Sound,
3D Sound,
Streaming
Sound

Client-
Server

JavaScript,
C#, Boo

• UPER: πολλά εργαλεία, πλήρης βιβλιογραφία

• KATA: ο κώδικας διατίθεται με ξεχωριστή άδεια, απαιτεί καλό υλικό (hardware)

Mhqan  Gl¸ssa Platfìrma Diepaf  'Hqoc DiktÔwsh Gl¸ssa
senarÐwn

NeoAxis
Engine

C/C++,
C#

Windows DirectX,
OpenGL

2D Sound,
3D Sound,
Streaming
Sound

΄Οχι στην

παρούσα

έκδοση

C# like
syntax
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• UPER: κατάλληλη για κάθε κατηγορία παιχνιδιών

• KATA: πολύ ακριβή η άδεια για την απόκτηση του κώδικα

DX
Studio

C/C++,
C#,
Visual
Basic 6,
VB.NET

Windows DirectX 2D Sound,
3D Sound,
Streaming
Sound

Client-
Server

JavaScript

• UPER: ό,τι χρειάζεται να αναπτυχθεί για το παιχνίδι μπορεί να γίνει μέσω σεναρίων,
εύκολο περιβάλλον διασύνδεσης

• KATA: προβλήματα ασυμβατότητας με κάποια αρχεία μοντέλων, δεν διατίθεται ο κώδι-
κας

Lead-
werks
Engine
2

C/C++,
C#,
Visual
Basic 6,
VB.NET,
Java,
D,
Delphi,
Pascal,
Basic,
Ada,
For-
tran,
Lisp,
Perl,
Python

Windows OpenGL 3D Sound Αναμένεται Leadwerks
Script

• UPER: πολύ καλό υποσύστημα για φωτισμούς και σκιές

• KATA: όχι καλή βιβλιογραφία, απαιτητική σε υλικό (hardware), δεν διατίθεται ο κώδι-
κας

Mhqan  Gl¸ssa Platfìrma Diepaf  'Hqoc DiktÔwsh Gl¸ssa
senarÐwn

Visual3D
.NET
Game
Engine

C# Windows,
Xbox360

DirectX 3D Sound,
Streaming
Sound

Client-
Server,
Peer-to-
Peer

any .NET
CLR lan-
guage, C#,
VB.NET,
Iron-
Python,
Lua.NET
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• UPER: έχει από πίσω της μία μεγάλη εταιρεία (Microsoft), αν η τιμή είναι αυτή που
εκτιμάται τότε μιλάμε για μια φτηνή μηχανή με βάση τις δυνατότητές της

• KATA: απαιτητική σε υλικό (hardware)

3Impact C/C++,
Delphi,
Basic

Windows DirectX 2D Sound,
3D Sound

Client-
Server

΄Οχι

• UPER: ῾ἑλαφριά᾿᾿ μηχανή

• KATA: ακριβή για αυτά που παρέχει, εμφανή λάθη (bugs), μόνο on-line βοήθεια, δεν
διατίθεται κώδικας

2.6.2 H <<dek�da>> twn eleÔjerwn mhqan¸n

Mhqan  Gl¸ssa Platfìrma Diepaf  'Hqoc DiktÔwsh Gl¸ssa
senarÐwn

OGRE C/C++ Windows,
Linux,
MacOS

DirectX,
OpenGL

΄Οχι ΄Οχι ΄Οχι

• UPER: μεγάλη κοινότητα, καλή βιβλιογραφία, εφαρμογή σε πολλά παιχνίδια

• KATA: στην πραγματικότητα πρόκειται για μηχανή γραφικών και όχι για μηχανή παι-
χνιδιών

Irrlicht C/C++,
C#,
VB.NET

Windows,
Linux,
MacOS

DirectX,
OpenGL,
Software

΄Οχι ΄Οχι Lua

• UPER: μεγάλη κοινότητα, καλή βιβλιογραφία, αναπτύσσεται συνεχώς

• KATA: δεν υποστηρίζει πολλά είδη αρχείων

Mhqan  Gl¸ssa Platfìrma Diepaf  'Hqoc DiktÔwsh Gl¸ssa
senarÐwn

Crystal
Space

C/C++ Windows,
Linux,
MacOS

OpenGL,
Software

2D Sound,
3D Sound

΄Οχι Java, Perl
και Python
αλλά σαν

plugins

• UPER: μπορεί να χρησιμοποιηθεί σε κάθε τρισδιάστατη εφαρμογή και όχι μόνο για
παιχνίδια
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• KATA: κάποια παραδείγματα και βοηθήματα δεν είναι ενημερωμένα, όχι καλό σύστημα
ανίχνευσης συγκρούσεων, δεν συνιστάται σε κάποιον χωρίς εμπειρία

Panda3D C/C++,
Python

Windows,
Linux,
SunOS

DirectX,
OpenGL

2D Sound,
3D Sound,
Streaming
Sound

Client-
Server

Python

• UPER: εύκολη στη χρήση, έχει χρησιμοποιηθεί στην ToonTown της Disney

• KATA: όχι μεγάλη κοινότητα, τα βοηθήματα είναι κυρίως για Python και όχι για ανά-
πτυξη με C++

jMonkey
Engine

Java Windows,
Linux,
MacOS

OpenGL 3D Sound JGN, jme jMonkey
Scripting
Framework

• UPER: πιο γρήγορη στη μετάφραση (compiling, linking) από μηχανές με κώδικα σε
C++, υποστήριξη σκιών και φωτισμού με ελάχιστες προσθήκες κώδικα

• KATA: υστερεί από άλλες μηχανές που έχουν αναπτυχθεί, για παράδειγμα με C++,
μιας και οι προγραμματιστές μηχανής σε Java είναι λίγοι για να συμβάλουν στη βελτίωση
του κώδικα

Reality
Factory

C/C++ Windows DirectX,
OpenGL

3D Sound,
Streaming
Sound

Peer-to-
Peer

Integrated
scripting
engine
(SimKin),
cinematic
and in-
game
sequence
scripting

• UPER: κατάλληλη για όσους δεν γνωρίζουν καθόλου προγραμματισμό

• KATA: στηρίζεται σε ξεπερασμένη για την εποχή μηχανή (Genesis 3D) με αποτέλεσμα
να ῾῾κρεμάει᾿᾿

Mhqan  Gl¸ssa Platfìrma Diepaf  'Hqoc DiktÔwsh Gl¸ssa
senarÐwn

Blender
Game
Engine

C/C++,
Python

Windows,
Linux,
MacOS,
Solaris,
FreeBSD,
Irix

OpenGL 2D Sound,
3D Sound

Client-
Server

Python
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• UPER: υποστηρίζει όλα σχεδόν τα λειτουργικά συστήματα

• KATA: δύσκολη στη χρήση για τους νέους στο χώρο, ίσως περισσότερο εργαλείο μο-
ντελοποίησης παρά μηχανή

The
Nebula
Device
2

C/C++ Windows DirectX 2D Sound,
3D Sound,
Streaming
Sound

Client-
Server,
Peer-to-
Peer

TCL, Lua,
Python,
Ruby

• UPER: έχει χρησιμοποιηθεί στην ανάπτυξη εμπορικών τίτλων παιχνιδιών

• KATA: δύσκολη στη χρήση

Realm-
Forge

C/C++,
C#, D,
Delphi,
Ada,
For-
tran,
Perl,
Python,
VB.NET

Windows,
Linux,
MacOS,
Solaris,
HP/UX,
FreeBSD

DirectX,
OpenGL

2D Sound,
3D Sound,
Streaming
Sound

Client-
Server,
Peer-
to-Peer,
Master
Server

C#,
JScript.net

• UPER: πολλά χαρακτηριστικά (features) για ελεύθερη μηχανή

• KATA: βρίσκεται ακόμα στο στάδιο ανίχνευσης σφαλμάτων (alpha stage)

Open-
Scene-
Graph

C/C++ Windows,
Linux,
MacOS,
Solaris,
SunOS,
FreeBSD,
Irix,
Playstation

OpenGL 2D Sound,
3D Sound,
Streaming
Sound

΄Οχι Lua

• UPER: υποστηρίζει όλα σχεδόν τα λειτουργικά συστήματα, μπορεί να χρησιμοποιηθεί
γενικά σε εφαρμογές γραφικών, καλό υποσύστημα διαλογής (culling)

• KATA: ῾῾φτωχή᾿᾿ βιβλιογραφία, όχι ουσιαστική βοήθεια από την κοινότητα

2.7 Poi� epilègoume telik�

Poi� eÐnai loipìn h mhqan  pou ja qrhsimopoi soume; Prin thn apokalÔyoume ac
katagr�youme tic skèyeic mac.

PoluteqneÐo Kr thc
Tm ma Hlektronik¸n Mhqanik¸n & Mhqanik¸n Upologist¸n



24 Enìthta 2.7

Xekin�me me to dedomèno ìti ja anaptÔxoume mÐa trisdi�stath efarmog . Proh-
goÔmenh empeirÐa se an�ptuxh hlektronikoÔ paiqnidioÔ den up�rqei opìte h pio sof 
kÐnhsh, gia pr¸to paiqnÐdi, eÐnai h dhmiourgÐa enìc <<pr¸tou pros¸pou bol c >> pai-
qnidioÔ   paiqnidioÔ autokinhtistik¸n ag¸nwn. 'O,ti kai na epilèxoume ja perièqei
k�poiou eÐdouc teqnht  nohmosÔnh en¸ kalì eÐnai na uposthrÐzei kai dunatìthta di-
ktÔwshc poll¸n qrhst¸n. 'Etsi èqoume mÐa pr¸th idèa gia to ti qarakthristik�
mhqan c y�qnoume.

Den prèpei na xeqn�me thn idiìthta tou programmatist , me thn opoÐa ekponoÔme
thn ergasÐa. Den eÐmaste sqediastèc   grafÐstec! 'Etsi den mporoÔme na dialèxoume
mhqan  pou ìla gÐnontai me grafik� perib�llonta. Kalì epÐshc ja  tane h telik  mac
epilog  na mhn mac periorÐsei all� antÐjeta na mac anoÐxei kai �llouc drìmouc. TÐ
jèloume na poÔme me autì: mhqan  pou diatÐjetai me ton k¸dika, dÐnei th dunatìthta na
melet soume ta di�fora tm mat� thc (ìpwc aut� perigr�fthkan parap�nw) all� kai na
prosjèsoume nèec leitourgÐec ston pur na tou paiqnidioÔ. To teleutaÐo proôpojètei
ìti gnwrÐzoume th gl¸ssa programmatismoÔ thc   toul�qiston èqoume mia megalÔterh
exoikeÐwsh se sqèsh me �llec gl¸ssec. Sthn paroÔsa ergasÐa, to krit rio autì
sunep�getai k¸dika grammèno se C/C++.

K�pou ed¸ ft�noume sthn apok�luyh tou onìmatoc thc mhqan c pou epilèqthke.
H mhqan  pou sugkentr¸nei ìla ta stoiqeÐa pou parousi�sthkan eÐnai h Torque
Game Engine apì thn GarageGames. MÐa pr¸th gnwrimÐa (ìpwc to mikrì thc
kìstoc) ègine sto parìn kef�laio all� ektenèsterh anafor� ja akolouj sei sto
amèswc epìmeno.
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Kef�laio 3

H mhqan  paiqnidi¸n Torque

H Torque eÐnai mÐa mhqan  trisdi�statwn grafik¸n h opoÐa diatÐjetai se epaggelma-
tÐec kai anex�rthtouc programmatistèc apì thn GarageGames
(http://www.garagegames.com). Prìkeitai gia mÐa tropopoihmènh èkdosh thc mhqa-
n c pou qrhsimopoÐhse h Dynamix gia to paiqnÐdi “Tribes 2”, kukloforÐac 2001. K�-
poia apì ta mèlh thc etaireÐac apoq¸rhsan thn Ðdia epoq  kai Ðdrusan thn GarageGames
exagor�zontac th mhqan  pou qrhsimopoi jhke sto en lìgw paiqnÐdi. To arqikì ìno-
ma pou dìjhke  tane V12 all� met� apì k�poia nomik� <<koll mata>> p re to shmerinì,
Torque Game Engine (TGE)!

Sto parìn kef�laio ja analujoÔn ta kÔria qarakthristik� thc mhqan c, ta shman-
tikìtera uposust mat� thc kai ja gÐnei mÐa pr¸th parousÐash thc gl¸ssac senarÐwn,
“TorqueScript”.

3.1 Basik� qarakthristik�

K�poiec plhroforÐec gia th mhqan  “Torque” (gia suntomÐa “TGE”) parousi�sthkan
sto prohgoÔmeno kef�laio, stouc sugkritikoÔc pÐnakec twn mhqan¸n. Ed¸ katagr�-
fontai ta qarakthristik� thc mhqan c pou thn k�noun na xeqwrÐzoun kai apoteloÔn
to dunatì thc shmeÐo.

3.1.1 Arqitektonik  <<pel�th-exuphretht >> (“client-server” ar-
chitecture)

H TGE eÐnai kat�llhlh gia an�ptuxh paiqnidi¸n <ánìc paÐkth>> (single-player games)
all� kai poll¸n paikt¸n tautìqrona (multiplayer). Autì to teleutaÐo epitugq�-
netai q�rin tou gegonìtoc ìti sqedi�sthke ex' arq c ètsi ¸ste na dieukolÔnei thn
an�ptuxh diktuak¸n efarmog¸n.

K�je efarmog  ulopoihmènh sthn Torque qwrÐzetai se dÔo mèrh: ton pel�th
(client) kai ton exuphretht  (server). Autì isqÔei akìma kai ìtan h efarmog 
ekteleÐtai se ènan mìno upologist  (topik  sÔndesh, en¸ se antÐjeth perÐptwsh èqou-
me apomakrusmènh sÔndesh). O k¸dikac sto tm ma <áxuphretht c >> eÐnai anex�rthtoc
apì ton k¸dika sto tm ma <<pel�thc >>. O exuphretht c èqei tic dikèc tou metablhtèc,
sunart seic kai antikeÐmena, kai antÐstoiqa gia ton pel�th. O exuphretht c den mporeÐ
na prospel�sei �mesa tic metablhtèc   ta antikeÐmena tou pel�th oÔte na kalèsei tic
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sunart seic pou orÐzontai ston k¸dika tou pel�th. Ta antÐstoiqa isqÔoun gia ton
pel�th1.

GÐnetai loipìn antilhptì ìti èqoume di�krish leitourgi¸n. 'Ena kal� sqediasmèno
diktuakì paiqnÐdi ja prèpei na af nei sthn pleur� tou exuphretht  ìson to dunatìn
perissìterec armodiìthtec. SunhjÐzetai o pel�thc na eÐnai upeÔjunoc mìno gia ì,ti
èqei na k�nei me th diasÔndesh tou qr sth me thn efarmog  (GUI2).

Af nontac ìmwc ìlh th leitourgikìthta sthn pleur� <áxuphretht c >>, autìmata
prokÔptei èna sobarì jèma! 'Olo kai perissìterh plhroforÐa ja prèpei na metafer-
jeÐ apì ton exuphretht  proc touc pel�tec. TÐ shmaÐnei autì; MeÐwsh tou eÔrouc
z¸nhc (bandwidth) tou diktÔou! K�ti tètoio odhgeÐ sta legìmena <<koll mata>> (lags)
kat� th di�rkeia tou paiqnidioÔ. Oi enèrgeiec enìc paÐkth (pel�thc) argoÔn na broun
antapìkrish apì to paiqnÐdi (exuphretht c). Anafèrjhke ìmwc arqik� ìti h TGE
dieukolÔnei th diktÔwsh kai lÔnei apotelesmatik� tètoiou eÐdouc probl mata. K�-
poiec apì tic strathgikèc pou qrhsimopoioÔntai eÐnai:

• di�krish enhmer¸sewn se shmantikèc kai ligìtero shmantikèc, ètsi ¸ste oi pr¸-
tec na apostèllontai stouc pel�tec me megalÔterh suqnìthta apì ìti oi teleu-
taÐec,

• apostèllontai mìno ta aparaÐthta bits plhroforÐac,

• oi sumboloseirèc apostèllontai mÐa mìno for� olìklhrec kai se k�je �llh pe-
rÐptwsh metafor� touc, apì ton exuphretht  proc touc pel�tec, qrhsimopoieÐtai
ènac arijmìc/etikèta.

Pèra ìmwc autoÔ (dhlad  th diaqeÐrish tou eÔrouc z¸nhc) to sÔsthma diktÔwshc thc
TGE frontÐzei kai gia jèmata pou èqoun na k�noun me thn ap¸leia pakètwn [eÔresh
laj¸n-k¸dikac kuklikoÔ pleonasmoÔ (CRC)] all� kai to sugqronismì metaxÔ twn
energei¸n pel�th kai exuphretht .

Genik� o diaqwrismìc se <<pel�th-exuphretht >> bohj� sthn apomìnwsh krÐsimwn
gia thn omal  leitourgÐa tou kìsmou leitourgi¸n, sthn pleur� tou exuphretht . O
teleutaÐoc analamb�nei na parèqei se ìlouc touc pel�tec, pou eÐnai sundedemènoi mazÐ
tou, thn Ðdia, koin  eikìna tou kìsmou kai na diaqeirÐzetai thn allhlepÐdras  touc me
autìn kai metaxÔ touc me sunep  trìpo.

3.1.2 Apì gegonìta kajodhgoÔmenoc exomoiwt c (event-driven
simulator)

H Torque eÐnai ènac <<kajodhgoÔmenoc apì gegonìta exomoiwt c >>, dhlad  k�je
enèrgeia thc mhqan c prokaleÐtai apì k�poiou eÐdouc gegonìc.

1Up�rqei mia exaÐresh se autìn ton kanìna! 'Otan <<pel�thc >> kai <áxuphretht c >> <<trèqoun>> sto
Ðdio mhq�nhma, eÐnai dunatìn na èqoun prìsbash o ènac ston k¸dika tou �llou. Fusik� k¸dikac pou
sthrÐzetai sthn parap�nw exaÐresh prèpei na apofeÔgetai, kaj¸c den prìkeitai na leitourg sei se
diktuakì perib�llon.

2Graphical User Interface (Grafik  Diepaf  Qr sth): diasÔndesh grafik¸n me to
qr sth. TÔpoc diepaf c upologist  me thn opoÐa h epikoinwnÐa metaxÔ anjr¸pou kai mhqan c gÐnetai
me ektetamènh qr sh optik¸n protrop¸n kai upobohj sewn thc mn mhc (tou anjr¸pou) me th morf 
eikonidÐwn, antikeimènwn, etiket¸n, surìmenwn menoÔ kai parajÔrwn, par� me k¸dika kai entolèc
keimènou.
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Mèsa ston kìsmo tou paiqnidioÔ, ìlec oi ontìthtec (gia par�deigma to èdafoc,
èna dèndro, o qarakt rac pou qeirÐzetai o paÐkthc) jewroÔntai antikeÐmena (objects).
Ta antikeÐmena allhlepidroÔn metaxÔ touc kai tìte èqoume èna gegonìc (event). Se
analogÐa me ton pragmatikì kìsmo ac fèroume sto mualì mac to prwinì xÔpnhma.
Xupn�me apìtoma, en¸ oneireuìmaste ìti eÐmaste ptuqioÔqoi, exaitÐac tou  qou apì to
xupnht ri (gegonìc). Autì prokaleÐ (trigger) mÐa enèrgeia, pou eÐnai na shk¸soume
to qèri mac kai na pat soume to koumpÐ pou kleÐnei to xupnht ri [eÐsodoc (input)].
H enèrgei� mac aut  eÐnai èna gegonìc gia to antikeÐmeno <<xupnht ri>> to opoÐo mpaÐnei
se kat�stash anamon c gia pènte lept�. 'Otan o qrìnoc autìc per�sei prokaleÐtai
èna nèo gegonìc pou eÐnai na hq sei xan� to rolìi.

'Omoia kai me thn TGE orÐzoume ta antikeÐmena tou paiqnidioÔ kai ulopoioÔme
tic sunart seic ekeÐnec pou ja qeiristoÔn ta gegonìta pou ja prokÔyoun [autèc oi
sunart seic anafèrontai kai wc <<kl seic >> (Callbacks)].

3.1.3 Diajèsimoc k¸dikac se C++ kai “TorqueScript”

Se antÐjesh me �llec mhqanèc, h TGE diatÐjetai mazÐ me ton k¸dik� thc. Mac dÐ-
netai dhlad  h dunatìthta na tropopoi soume thn Ðdia th mhqan  prosjètontac nèec
leitourgÐec. Autì se sunduasmì me th gl¸ssa senarÐwn “TorqueScript” (ja parou-
siasteÐ parak�tw) epitrèpei thn an�ptuxh efarmog¸n (kai sthn perÐptws  mac enìc
hlektronikoÔ paiqnidioÔ) se trÐa epÐpeda:

• diaqeÐrishc susthm�twn,

• ulopoÐhshc antikeimènwn kai

• ulopoÐhshc tou paiqnidioÔ.

Sto pr¸to epÐpedo h TGE k�nei ìlh th doulei� gia em�c! O phgaÐoc thc k¸dikac
ekteleÐ pl joc basik¸n leitourgi¸n sto parask nio, epitrèpontac ston programmati-
st  na mhn anal¸netai sthn an�ptuxh k¸dika gia jèmata pou aforoÔn to leitourgikì
sÔsthma, thn axiopoÐhsh tou ulikoÔ tou mhqan matoc kai otid pote �llo sunant�ei
xan� kai xan� se mÐa efarmog . PolÔ sp�nia o programmatist c (ektìc kai an prì-
keitai gia autìn pou anaptÔssei th mhqan ) ja qreiasteÐ na asqolhjeÐ me autì to
epÐpedo!

An kai to epÐpedo <<diaqeÐrishc susthm�twn>> eÐnai upeÔjuno gia tic idiìthtec twn
antikeimènwn pou up�rqoun sth skhn  tou paiqnidioÔ [gia par�deigma o qarakt rac pou
elègqetai apì ton paÐkth (avatar) èqei b�roc, taqÔthta kÐnhshc, plègma sugkroÔsewn
(“bounding box”   alli¸c “collision boxes” )], sto deÔtero epÐpedo (<ÍlopoÐh-
shc antikeimènwn>>) mporoÔme na prosjèsoume epiplèon dunatìthtec. Gia par�deigma
jèloume oi qarakt rec pou elègqontai apì ton upologist  (“bot”   “NPCs”) na
qrhsimopoioÔn ton algìrijmo A* gia <áÔresh monopatioÔ>>. UlopoioÔme ton algìrijmo
se gl¸ssa C++ kai ton enswmat¸noume ston <<pur na>> thc mhqan c.

Tèloc h <ÍlopoÐhsh tou paiqnidioÔ>> eÐnai to epÐpedo sto opoÐo o programmatist c
erg�zetai (kurÐwc) me th gl¸ssa senarÐwn thc TGE kai programmatÐzei to paiqnÐdi.
EÐnai h f�sh ìpou o paÐkthc perihgeÐtai sth skhn  tou paiqnidioÔ, ekteleÐ apostolèc
(tasks), kerdÐzei bajmoÔc, antilamb�netai tic epipt¸seic pou èqei k�poia enèrgei� tou.
Gia na mhn up�rxei k�poia parex ghsh, sto Ðdio autì epÐpedo o programmatist c kajo-
rÐzei kai tic enèrgeiec twn <áqjr¸n>> (bots). Dhlad  nai men mporeÐ na qrhsimopoioÔn
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gia th metakÐnhsh touc ton A* algìrijmo all� prèpei na orÐsoume pìte na xekin soun
thn kÐnhs  touc, p¸c na dr�soun an entopÐsoun k�poion sundedemèno paÐkth (ennoeÐtai
to avatar) kai polÔ perissìtero p¸c na entopÐsoun ènan paÐkth!

3.1.4 SÔsthma apìdoshc (3D Rendering)

H Torque eÐnai mÐa oloklhrwmènh mhqan  kai ìqi apl¸c mÐa mhqan  apìdoshc (ren-
dering engine). Mèsw twn sunart sewn kai mejìdwn thc epitrèpei thn an�ptuxh
paiqnidi¸n gia di�forec platfìrmec (mac, pc, linux), th dunatìthta diktÔwshc (ìpwc
anafèrame parap�nw), uposthrÐzei anÐqneush sugkroÔsewn, fusik  gia kÐnhsh <<skele-
twd¸n>> antikeimènwn (“rigid body”) kai oqhm�twn, diaqeirÐzetai ton  qo, tic grafikèc
diasundèseic me to qr sth. Epiplèon prosfèrei th dunatìthta dhmiourgÐac basik¸n
ontot twn gia to paiqnÐdi ìpwc to èdafoc, o ouranìc, to nerì. KalÔptei epÐshc kai
jèmata fwtismoÔ, ski¸n all� den uposthrÐzei teqnologÐa <<skiast¸n>> (shaders3).

'Ola aut� ta tm mata k¸dika thc mhqan c douleÔoun armonik� gia na p�roume to
telikì apotèlesma sthn ojình. 'Eqontac apokatastajeÐ mÐa sÔndesh metaxÔ pel�th
kai exuphretht , th dr�sh analamb�noun oi biblioj kec pou eÐnai upeÔjunec gia th
diasÔndesh tou qr sth me to paiqnÐdi (GUI library). To antikeÐmeno “Canvas” eÐnai h
<<b�sh>> p�nw sthn opoÐa ja sthjeÐ ìlh h efarmog . EÐnai o <<kamb�c >> p�nw ston opoÐo
ja <<zwgrafÐsoume>> (oi ìroi proèrqontai apì ton trìpo pou erg�zetai ènac zwgr�foc)
to menoÔ tou paiqnidioÔ mac, ja parousi�soume plhroforÐec gia ta antikeÐmena pou
sugkentr¸noume, ja apotelèsei ta <<m�tia>> tou qarakt ra me ton opoÐo o paÐkthc
periplaniètai ston kìsmo tou paiqnidioÔ. Se autìn h mhqan  apìdoshc, mèsw thc
k�rtac grafik¸n ja par�gei thn trisdi�stath skhn  tou paiqnidioÔ.

Arqik� to sÔsthma apìdoshc thc Torque orÐzei ton prosanatolismì thc k�merac
kai th gwnÐa jèashc [field of view (fov)] kai sth sunèqeia sqedi�zei th skhn  me qr sh
entol¸n OpenGL. Prosoq  ed¸! O qr sthc den eÐnai se jèsh na dei ton trisdi�stato
kìsmo, proc to parìn! Gia na gÐnei autì apaiteÐtai to legìmeno <�ntikeÐmeno elèg-
qou>> (control object). Prìkeitai gia to antikeÐmeno ekeÐno pou elègqetai (ìpwc
prodÐdei kai to ìnoma tou) apì to qr sth kai sun jwc eÐnai antikeÐmeno thc kl�shc
“Player”   thc kl�shc “Camera”. Gia na mhn mperdeutoÔme mporoÔme na poÔme apl�
ìti to <�ntikeÐmeno elègqou>> eÐnai to “avatar”! Sthn ousÐa to antikeÐmeno elègqou
kajorÐzei thn k�mera tou paÐkth gia ton eikonikì kìsmo, dhlad  poÔ brÐsketai se
sqèsh me to “avatar” [pr¸tou pros¸pou (first person)   trÐtou pros¸pou (third
person) shmeÐo jèashc (point of view)] kai poia eÐnai h mègisth gwnÐa jèashc. H
mhqan  sugkentr¸nei tic plhroforÐec autèc. Ta parap�nw exelÐssontai sthn pleur�
tou exuphretht .

Apì thn pleur� tou exuphretht  metaferìmaste sthn pleur� tou pel�th ìpou h
TGE kaleÐ to gr�fo skhn c (tou pel�th). H biblioj kh aut  eÐnai upeÔjunh gia
na kajorÐsei poia apì ta antikeÐmena thc skhn c prèpei na sqediastoÔn me b�sh th
jèsh thc k�merac tou paÐkth. O pel�thc enhmer¸nei ton exuphretht  kai o teleutaÐoc
apostèllei ta aparaÐthta antikeÐmena. 'Etsi se k�je pel�th sqedi�zetai mìno ì,ti

3Prìkeitai gia progr�mmata me ta opoÐa h k�rta grafik¸n analamb�nei thn apeikìnish eidik¸n
efè ìpwc antanakl�seic, diaf�neiec, diajl�seic, l�myeic. Up�rqoun dÔo eÐdh skiast¸n: vertex kai
pixel. QwrÐc th qr sh touc, h diadikasÐa fwtismoÔ eÐnai kajorismènh (flat shaded   phong   gouraud
shading models).
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blèpei o qr sthc [dialog  (culling)4].

3.1.5 Enswmatwmèna ergaleÐa epexergasÐac

H Torque perièqei dÔo bohjhtik� ergaleÐa: to “World Editor” kai to “GUI Edi-
tor”.

To teleutaÐo apì ta dÔo, epitrèpei thn epexergasÐa miac  dh up�rqousac diepaf c
(gia par�deigma to basikì menoÔ tou paiqnidioÔ pou emfanÐzetai kat� thn ekkÐnhsh)  
th dhmiourgÐa nèac. EÐnai èna sqetik� aplì ergaleÐo ìpou sthrÐzetai sth leitourgÐa
<<metafor� kai apìjesh>> (“drag-and-drop”).

Apì thn �llh o “World Editor” eÐnai ènac pio sÔnjetoc <<sunt�kthc - epexerga-
st c >>, ìpou diaqeirÐzetai th skhn . Sthn pragmatikìthta den eÐnai èna all� okt¸
diaforetik� ergaleÐa:

ErgaleÐo Perigraf 

World Editor Manipula-
tor

Epitrèpei th metatìpish (translate), peristrof  (ro-
tate) kai diab�jmish (scale) antikeimènwn pou  dh èqoun
topojethjeÐ sth skhn .

World Editor Inspector Epitrèpei ton èlegqo kai thn epexergasÐa idiot twn twn
antikeimènwn twn apostol¸n (missions).

World Editor Creator Epitrèpei thn eisagwg  nèwn antikeimènwn sth skhn .

Mission Area Editor Epitrèpei ton kajorismì twn orÐwn/sunìrwn thc skh-
n c.

Terrain Editor Epitrèpei thn apeujeÐac epexergasÐa tou ed�fouc (ter-
rain) qrhsimopoi¸ntac to pontÐki wc <<pinèlo>>.

Terrain Terraform Edi-
tor

Epitrèpei th fìrtwsh eikìnwn wc arqeÐa ed�fouc (ter-
rain files) kai thn efarmog  algorijmik¸n gennhtri¸n
(algorithmic generators) kai fÐltrwn se autì.

Terrain Texture Editor Epitrèpei thn epilog  opoioud pote arijmoÔ uf¸n (tex-
tures) kai thn efarmog  touc sth skhn  afoÔ pr¸ta
èqei gÐnei qr sh algorÐjmwn gia mÔxh kai topojèthsh.

Terrain Texture Painter Epitrèpei thn epilog  èwc kai èxi uf¸n (textures) kai
thn efarmog  touc sto èdafoc.

PÐnakac 3.1: Ta upo-ergaleÐa tou “World Editor”

Sthn paroÔsa ergasÐa ta mìna pou ja qrhsimopoihjoÔn eÐnai to “Terrain Ter-
raform Editor” kai to “Terrain Texture Painter”.

4H TGE qrhsimopoieÐ “Portals”. H deÔterh mèjodoc dialog c eÐnai ta “BSP trees”.

PoluteqneÐo Kr thc
Tm ma Hlektronik¸n Mhqanik¸n & Mhqanik¸n Upologist¸n



30 Enìthta 3.3

3.2 TÔpoi arqeÐwn

AkoloujoÔn oi basikoÐ tÔpoi arqeÐwn touc opoÐouc uposthrÐzei h mhqan  paiqnidi¸n
Torque:

• .cs: arqeÐa phgaÐou k¸dika se gl¸ssa senarÐwn “TorqueScript”,

• .gui: arqeÐa phgaÐou k¸dika se “TorqueScript”, ìpwc kai ta .cs, me k¸dika
sqetikì gia diepafèc (GUI),

• .mis: arqeÐa phgaÐou k¸dika se “TorqueScript”, ìpwc kai ta .cs, me k¸dika
sqetikì me th dom  k�poiac apostol c kai th dhmiourgÐa antikeimènwn se aut ,

• .dso: duadik� arqeÐa pou prokÔptoun apì th met�frash twn parap�nw arqeÐwn,

• .jpg kai .png: epitreptoÐ tÔpoi arqeÐwn gia eikìnec,

• .wav kai .ogg: epitreptoÐ tÔpoi arqeÐwn gia  qouc,

• .dts: tÔpoi arqeÐwn gia ta trisdi�stata montèla pou eis�gontai sth skhn ,

• .dsq: arqeÐa pou perièqoun tic akoloujÐec kÐnhshc (animation sequences) gia
k�poio montèlo, ìtan autèc den eÐnai enswmatwmènec sto Ðdio to “.dts” [parèqoun
megalÔterh euelixÐa kai dunatìthta gia tautìqronh ektèlesh perissotèrwn apì
enìc kinoumènwn grafik¸n (merge animations)] kai

• .dif: arqeÐa gia <<domikèc kataskeuèc >>, ìpwc kt ria, kai oi opoÐec epitrèpoun se
èna antikeÐmeno na brejeÐ sto eswterikì touc.

3.3 H gl¸ssa senarÐwn “TorqueScript”

Plèon eÐnai kanìnac h qr sh gl¸ssac senarÐwn sthn an�ptuxh binteopaiqnidi¸n. K�-
poiec mhqanèc qrhsimopoioÔn  dh up�rqousec gl¸ssec senarÐwn, ìpwc Python kai
Lua, en¸ �llec èrqontai me èna dikì touc sÔsthma gia <<sen�ria>>. Stic teleutaÐec
an kei kai h TGE kai h gl¸ssa senarÐwn h opoÐa qrhsimopoieÐtai eÐnai h “Torque-
Script”.

H TorqueScript eÐnai mÐa dunat  kai euèlikth gl¸ssa pou suntaktik� eÐnai parì-
moia me th gl¸ssa programmatismoÔ C++. Ta kÔria qarakthristik� thc eÐnai:

• basik� gnwrÐsmata glwss¸n programmatismoÔ. QrhsimopoieÐ tÔpouc dedomènwn
(sumboloseirèc, arijmoÔc kai booleans ), domèc elègqou, sunart seic, pr�xeic
p�nw se dedomèna,

• prìsbash se sust mata thc mhqan c. Epitrèpei thn prìsbash se uposust mata
thc TGE ìpwc se autì thc apìdoshc (renderer), tou  qou, thc diaqeÐrishc
eisìdou/exìdou, kaj¸c kai th dhmiourgÐa/diagraf  antikeimènwn   ton orismì
nèwn sunart sewn/leitourgi¸n,
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• stoiqeÐa ontokentrik¸n programm�twn. DÐnetai h dunatìthta mèsa apì ta <<se-
n�ria>> gia autonomÐa ontot twn (<ágkleismìc >>), apìkruyh dedomènwn, klhrono-
mikìthta (dhmiourgÐa nèwn antikeimènwn apì  dh up�rqonta) kai polumorfismì
(uperk�luyh twn uparqìntwn idiot twn enìc antikeimènou),

• q¸roi onom�twn (namespaces). Merikèc forèc mporeÐ k�poia sun�rthsh/meta-
blht  enìc pedÐou dr�shc na èrqetai se sÔgkroush me �llh sun�rthsh/meta-
blht  me to Ðdio ìnoma se diaforetikì pedÐo dr�shc. Me th mèjodo twn q¸rwn
onom�twn mporoÔme na lÔsoume autì to prìblhma,

• kat� epilog  fìrtwsh. H TorqueScript epitrèpei dunamikì fìrtwma tmhm�twn
k¸dika qwrÐc na qrei�zetai na fort¸soume exarq c olìklhro ton k¸dika sth
mn mh,

• met�frash kai ektèlesh. Ta <<sen�ria>> metafr�zontai kai ekteloÔntai ìpwc sum-
baÐnei kai stic gl¸ssec programmatismoÔ. Se perÐptwsh l�jouc upodeiknÔetai
to shmeÐo, mèsa ston k¸dika, ìpou pijanìtata èqei sumbeÐ.

Wstìso den paÔei na eÐnai mÐa gl¸ssa senarÐwn. Autì sunep�getai ìti up�rqoun
diaforèc se sqèsh me tic gl¸ssec programmatismoÔ. AkoloujeÐ loipìn mÐa sÔntomh
anafor� stic shmantikìterec apì autèc.

3.3.1 Mh euaisjhsÐa se tÔpouc dedomènwn (type insensitive)

H TorqueScript epitrèpei, pèra apì booleans, dÔo tÔpouc dedomènwn: arijmoÔc (num-
bers) kai sumboloseirèc (strings). H metatrop  apì ton ènan tÔpo ston �llo gÐnetai
�mesa. 'Etsi o tÔpoc twn metablht¸n potè den dhl¸netai. H Ðdia h metablht  mporeÐ
na qrhsimopoihjeÐ �llote san metablht  arijm¸n kai �llote san metablht  sumbolo-
seir¸n.

// Script #1: Test type−insensitive

i f (12=="12")
echo("Type Insensitive");

e l se
echo("Type Sensitive");

Ektel¸ntac to parap�nw <<sen�rio>> ja emfanisteÐ sthn konsìla5 to m numa “Type
Insensitive”.

3.3.2 Mh euaisjhsÐa se pezoÔc kai kefalaÐouc qarakt rec
(case insensitive)

H TorqueScript den k�nei di�krish metaxÔ pez¸n kai kefalaÐwn qarakt rwn se onìmata
metablht¸n   sunart sewn.

// Script #2: Test case−insensitive

%a="Torque Game Engine"; //%a is a local variable
%pub="Garage Games"; //%pub is a local variable

5EÐnai mÐa efarmog  h opoÐa èrqetai mazÐ me th mhqan  kai epitrèpei thn ektèlesh <<senarÐwn>>.
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echo(%a); //output: Torque Game Engine
echo(%A); //output: Torque Game Engine
echo(%pUB ,"**",%PUb); //output: Garage Games∗∗Garage Games

Dhlad , oi metablhtèc “a” kai “A”, sto <<sen�rio>> parap�nw, èqoun thn Ðdia tim 
(“Torque Game Engine”). To Ðdio sumbaÐnei kai me tic metablhtèc “pub”,“pUB” kai
“PUB”. Den eÐnai treic diaforetikèc all� mÐa metablht  me tim  “GarageGames”.

3.3.3 Metablhtèc kai embèleia (scope)

H gl¸ssa senarÐwn thc Torque qrhsimopoieÐ:

• topikèc metablhtèc (local), pou diakrÐnontai apì to qarakt ra �%� prin to ìnoma
thc metablht c (gia par�deigma h metablht  “pub” sto prohgoÔmeno tm ma
k¸dika) kai

• kajolikèc metablhtèc (global), oi opoÐec dhl¸nontai me to qarakt ra �$�, antÐ
tou �%� (gia par�deigma “$localVar” eÐnai mÐa kajolik  metablht ).

MÐa topik  metablht  dhl¸netai mèsa se èna mplok. 'Opwc sumbaÐnei kai me tic pio
eurèwc qrhsimopoioÔmenec gl¸ssec uyhloÔ epipèdou, mÐa topik  metablht  mporeÐ na
anaferjeÐ mìno sto mplok sto opoÐo orÐzetai kai sta mplok pou eÐnai ènjeta se autì.
Antijètwc mÐa kajolik  metablht  eÐnai prosb�simh kai ègkurh pantoÔ ston k¸dika,
all� kai se ìla ta arqeÐa senarÐwn (arqeÐa “.cs”).

3.3.4 Sumboloseirèc (strings)

DouleÔontac me TorqueScript ja sunant soume dÔo eid¸n sumboloseirèc:

• mèsa se dipl� <�ut�kia>> (double-quoted strings). EÐnai h klassik  morf 
sumboloseir�c pou sunant�me kai sth C++ kai

• mèsa se mon� <�ut�kia>> (single-quoted   tagged strings). EÐnai mÐa eidik 
kathgorÐa gia th metafor� sumboloseir¸n mèsw mÐac sÔndeshc. H sumboloseir�
thn pr¸th for� stèlnetai wc èqei. Apì ekeÐ kai pèra, opoted pote qreiasteÐ
na staljeÐ h Ðdia sumboloseir�, apostèlletai ènac arijmìc pou antistoiqeÐ se
aut n (tag). EÐnai ènac trìpoc me ton opoÐo h mhqan  petuqaÐnei apodotikìterec
timèc se eÔroc z¸nhc diktÔou.

// Script #3: Double−quoted VS single−quoted strings

%a="This is a standard string";
%b=’This is a tagged string ’;
echo(%a); //output: This is a standard string
echo(%b); //output: 9
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3.3.5 PÐnakec (arrays)

H TorqueScript uposthrÐzei pÐnakec mÐac di�stashc all� kai perissotèrwn. Prèpei
ìmwc na d¸soume prosoq  sta k�twji:

• up�rqei diaqwrismìc metaxÔ metablht c kai pÐnaka me to Ðdio ìnoma. Den isqÔei
ìti kai sth C++, ìpou to ìnoma tou pÐnaka eÐnai deÐkthc sto pr¸to tou stoiqeÐo
(den up�rqoun deÐktec ètsi ìpwc touc xèroume sth C++),

• h anafor� se èna stoiqeÐo tou pÐnaka mporeÐ na gÐnei eÐte me to sunhjismèno apì
th C, trìpo [dhlad  ìnoma tou pÐnaka kai o arijmìc thc jèshc tou stoiqeÐou
mèsa se agkÔlec (gia par�deigma %myArray[4])], eÐte apaleÐfontac tic agkÔlec
(%myArray4) kai

• ìpwc kai prin, se pÐnakec poll¸n diast�sewn oi agkÔlec mporoÔn na apoma-
krunjoÔn en¸ to kìmma mporeÐ na antikatastajeÐ apì <<k�tw upogr�mmish>> [gia
par�deigma h anafor� sto stoiqeÐo pou brÐsketai sth jèsh (1,2) tou topikoÔ
pÐnaka “myArray” mporeÐ na gÐnei me %myArray[1,2]   %myArray1 2).

3.3.6 DianÔsmata (vectors)

Kat� thn an�ptuxh tou paiqnidioÔ ja up�rxoun peript¸seic pou ja prèpei na gÐnei
epexergasÐa se mÐa om�da tim¸n. Gia par�deigma h jèsh enìc antikeimènou sth skhn 
orÐzetai apì thn tri�da suntetagmènwn (x,y,z). H plhroforÐa aut  apojhkeÔetai me
th bo jeia <<dianusm�twn>>.

To pio sunhjismèno l�joc, ìtan qrhsimopoioÔntai dianÔsmata, eÐnai h qr sh arij-
mhtik¸n telest¸n gia arijmhtikèc pr�xeic (prìsjesh, afaÐresh ktl.). An analogi-
stoÔme ìti kat� th metagl¸ttish den up�rqei proeidopoÐhsh gia autì, katalabaÐnoume
ìti katal goume me teleÐwc l�joc dedomèna (deÐte to par�deigma). Gia pr�xeic me
dianÔsmata qrhsimopoioÔntai mìno oi majhmatikèc <<sunart seic konsìlac >>!

// Script #4: Vectors

// Define vectors "start" and "end"
%start="0.0 5.0 -3.2";
%end ="1.0 2.0 0.2";

// VectorAdd(vecA, vecB)
//Function to add two vectors of up to 3 elements
//each to each other
echo( VectorAdd (%start ,%end) ); //output: 1 7 −3

//Bad Vector Math !!
echo( %start + %end ); //output: 1

3.3.7 Kl�seic kai antikeÐmena

Basikì qarakthristikì thc gl¸ssac senarÐwn Torque eÐnai o antikeimenostref c
(kai ìqi antikeimenostraf c6) qarakt rac (object oriented).

6Antikeimenostref c = antikeÐmeno + strèfomai: Mil�me gia antikeimenostref  programmati-
smì dhlad  ton programmatismì pou strèfetai proc ta antikeÐmena. Parìmoia lème eswstref c,
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Sto fusikì kìsmo, pantoÔ up�rqoun antikeÐmena. O �njrwpoc skèptetai me b�sh
ta antikeÐmena. 'Eqei thn ikanìthta thc afaÐreshc, pou epitrèpei na blèpei tic eikì-
nec sthn ojình wc antikeÐmena, ìpwc autokÐnhta, boun�, dèndra, antÐ wc xeqwristèc
koukkÐdec me qr¸mata. MporeÐ, an jèlei, na skèptetai d�sh antÐ gia dèndra kai spÐtia
antÐ gia toÔbla.

Ta antikeÐmena mporoÔn na diairejoÔn se duo kathgorÐec, dhlad  sta kinoÔmena
kai sta akÐnhta antikeÐmena. Ta kinoÔmena antikeÐmena eÐnai <<zwntan�>> me k�poia èn-
noia. MporoÔn na kinoÔntai ston kìsmo kai na k�noun <<pr�gmata>>. Ta akÐnhta den
faÐnetai na k�noun k�ti. Apl¸c up�rqoun! 'Ola aut� ta antikeÐmena wstìso, èqoun
k�poia koin�. 'Eqoun ìla idiìthtec   kat�stash, ìpwc mègejoc, sq ma, qr¸ma, pou
ta perigr�foun. 'Ola èqoun sumperiforèc   leitourgÐec pou kajorÐzoun ti k�noun.
Di�fora antikeÐmena mporeÐ na èqoun parìmoiec idiìthtec kai parìmoiec sumperiforèc.

O antikeimenostref c programmatismìc montelopoieÐ ta pragmatik� antikeÐmena
me antÐstoiqa antikeÐmena se progr�mmata. EkmetalleÔetai tic sqèseic twn kl�se-
wn, ìpou ta antikeÐmena miac kl�shc èqoun parìmoiec idiìthtec. EkmetalleÔetai thn
klhronomikìthta twn sqèsewn ìpou nèec kl�seic antikeimènwn par�gontai apì idiìth-
tec kai leitourgÐec uparqous¸n kl�sewn kai prosj kh monadik¸n qarakthristik¸n.
DÐnei thn dunatìthta gia epikoinwnÐa metaxÔ antikeimènwn ìpwc sumbaÐnei kai ston
pragmatikì kìsmo (oi �njrwpoi stèlnoun mhnÔmata metaxÔ touc).

H Torque ulopoieÐ mÐa meg�lh ierarqÐa kl�sewn, parèqontac basik  leitourgi-
kìthta se tomeÐc pou ekteÐnontai apì to qeirismì kai ton kajorismì thc sumperifo-
r�c twn antikeimènwn tou kìsmou èwc th diktÔwsh. Gia par�deigma, h kl�sh (class)
“ShapeBase” apoteleÐ th b�sh gia ìlec tic kl�seic twn antikeimènwn (objects) pou
èqoun k�poio sq ma kai eÐnai orat� ston kìsmo, orÐzontac tic idiìthtec (fields) kai
tic mejìdouc (methods) pou eÐnai koinèc gia tic kl�seic aut¸n twn antikeimènwn. H
kl�sh “Player” eÐnai upokl�sh (subclass) thc “ShapeBase” kai qrhsimopoieÐtai gia
th dhmiourgÐa antikeimènwn gia touc paÐktec kai thn parousÐa aut¸n mèsa ston kìsmo
tou paiqnidioÔ (avatars). KlhronomeÐ ìlh th leitourgikìthta thc “ShapeBase”, kai
epiplèon orÐzei exeidikeumènec idiìthtec kai mejìdouc qr simec gia antikeÐmena aut c
thc kathgorÐac. O qr sthc mporeÐ na orÐsei epiplèon idiìthtec kai mejìdouc.

Prin suneqÐsoume, sthn epìmenh selÐda up�rqei mÐa merik  parousÐash thc ierar-
qÐac (dèndro klhronomikìthtac) twn kl�sewn pou uposthrÐzei h mhqan . To pl joc
twn ulopoihmènwn kl�sewn kajist� sqedìn adÔnath thn pl rh katagraf  aut¸n kai
twn metaxÔ touc sqèsewn se èna kai mìno di�gramma!

exwstref c kai ìqi eswstraf c ktl.
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Genik� gia th dhmiourgÐa enìc antikeÐmenou, me th gl¸ssa senarÐwn Torque, ako-
loujoÔme thn parak�tw sÔntaxh: ìpou

%newObject = new τύποςΚλάσης (΄Ονομα : ΑντΠηγή, όρισμα0,...,όρισμαΝ) {

[datablock = ΄ΟνομαDB;]

[υπάρχονΠεδίο0=αρχικήΤιμή0;]
...

[υπάρχονΠεδίοΜ=αρχικήΤιμήΜ;]

[απόΧρήστηΠεδίο0=αρχικήΤιμή0;]
...

[απόΧρήστηΠεδίοΝ=αρχικήΤιμήΝ;]
};

• tÔpocKl�shc: mÐa dhlwmènh sth mhqan  kl�sh, h opoÐa proèrqetai apeujeÐac
apì thn “SimObject”   apì upokl�sh thc,

• 'Onoma (proairetik�): eÐnai to ìnoma tou antikeÐmenou. MporeÐ na mhn eÐnai mo-
nadikì miac kai kat� th dhmiourgÐa tou antikeimènou autìmata h Torque anajètei
se autì ènan monadikì arijmì-anagnwristikì (ID-handle),

• AntPhg  (proairetik�): to ìnoma k�poiou antikeimènou pou èqei oristeÐ nw-
rÐtera kai apì to opoÐo klhronomeÐ idiìthtec to nèo antikeÐmeno,

• ìrisma0...ìrismaN (proairetik�): ta orÐsmata thc sun�rthshc dhmiourgÐac
(constructor) thc kl�shc sthn opoÐa an kei to antikeÐmeno,

• datablock (proeraitik�): to ìnoma enìc  dh up�rqontoc kai sqetikoÔ me thn
kl�sh datablock (bl. parak�tw).

Ta upìloipa èqoun na k�noun me arqikopoÐhsh idiot twn-pedÐwn pou eÐte h mhqan 
èqei antistoiq sei sthn kl�sh (kai �ra eÐnai idiìthtec tou antikeimènou), eÐte o pro-
grammatist c jèlei na prosjèsei sto nèo antikeÐmeno.

// Script #5: Create a new static object

$newObjectId=new StaticShape () {

dataBlock="Rock";

// SceneObject features−staticShapes objects derives from
//SceneObject objects
position="0 0 0";
rotation="1 0 0 0";
scale="1 1 1";

};
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3.3.8 Datablocks

Melet¸ntac to dèndro klhronomikìthtac ja parathr soume ìti gia orismènec kl�seic
up�rqoun kai k�poiec sumplhrwmatikèc touc me thn kat�lhxh ”Data”. Autèc oi sum-
plhrwmatikèc kl�seic kaloÔntai “datablocks”. Lème ìti sthn kl�sh, gia par�deigma,
“Player” antistoiqeÐ to datablock “PlayerData”.

Ta “datablocks” Ðswc eÐnai h pio idiaÐterh dom  sthn TorqueScript. Prìkeitai
gia mÐa sullog  idiot twn pou èrqetai na sumplhr¸sei tic idiìthtec
(an autèc up�rqoun) thc kl�shc sthn opoÐa antistoiqeÐ to datablock.
'Etsi sto teleutaÐo sen�rio (Script #5), to antikeÐmeno tÔpou “StaticShape” pou
dhmiourg same den qarakthrÐzetai mìno apì ta pedÐa “position”, “rotation” kai “scale”
all� kai apì ta pedÐa-idiìthtec pou orÐzontai sto antikeÐmeno “Rock”. To teleutaÐo
eÐnai to datablock gia to stigmiìtupo thc kl�shc StaticShape (dhlad  gia to nèo
mac antikeÐmeno   alli¸c gia to antikeÐmeno $newObjectId miac kai frontÐsame na
apojhkeÔsoume, kat� th dhmiourgÐa, to monadikì arijmì ID).

TÐ idiìthtec ìmwc orÐzei kai arqikopoieÐ to datablock “Rock”; Arqik� ac fanta-
stoÔme ìti to antikeÐmeno tÔpou “StaticShape” pou dhmiourg same eÐnai ènac br�qoc
k�pou ston kìsmo tou paiqnidioÔ mac. GÐnetai antilhptì ìti to pou akrib¸c <<zei>>
kajorÐzetai apì thn tim  tou pedÐou “position”. Ston pragmatikì kìsmo ènac br�qoc
ìmwc èqei kai m�za   idiìthtec ìpwc h trib . Aut� ja mporoÔsan na apotelèsoun
pedÐa gia to datablock “Rock”!

// Script #6: Create the datablock for the object
//of script #5

datablock StaticShapeData( Rock ){

shapeFile="~/data/items/rock.dts";
mass =85;
density =10;
friction = 0.4;

};

'Opwc faÐnetai h dhmiourgÐa antikeimènwn apì datablocks eÐnai parìmoia
me th dhmiourgÐa antikeimènwn apì kl�seic (enìthta 3.3.7), me tic ex c ìmwc diaforèc:

• den mporoÔme na p�roume mÐa metablht  me to anagnwristikì (ID-handle) tou
antikeimènou enìc datablock kai

• h desmeumènh lèxh “new” èqei antikatastajeÐ apì th desmeumènh lèxh “dat-
ablock”.

Genik¸c stic kl�seic parathreÐ kaneÐc el�qistec èwc kajìlou idiìthtec kai kurÐwc
mejìdouc, kai sta datablocks to antÐjeto. Oi lÐgec idiìthtec pou emfanÐzontai stic
kl�seic èqei nìhma na orÐzontai gia k�je antikeÐmeno kl�shc xeqwrist� kai den ja eÐqe
nìhma na tic qrhsimopoi soume omadik� gia poll� antikeÐmena kl�sewn, ìpwc mporoÔ-
me na k�noume me tic idiìthtec pou orÐzontai sta datablocks. FaÐnetai dhlad  ìti sthn
TorqueScript ìpou  tan dunatì oi idiìthtec kai oi mèjodoi diaqwrÐsthkan epÐthdec.
Ta datablocks enjulak¸noun tic idiìthtec pou eÐnai sqetikèc me ta antikeÐmena thc
antÐstoiqhc kl�shc kai to Ðdio datablock mporeÐ na qrhsimopoihjeÐ apì poll� diafo-
retik� antikeÐmena aut c thc kl�shc, me apotèlesma na apofeÔgetai h epan�lhyh thc
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arqikopoÐhshc twn idiot twn gia k�je antikeÐmeno me parìmoia leitourgikìthta. H
di�krish den eÐnai entel¸c akrib c, kai sÐgoura den eÐnai desmeutik  gia thc idiìthtec
kai mejìdouc pou orÐzei o qr sthc.

3.3.9 Sunart seic kai mèjodoi

Genik� ston programmatismì oi sunart seic, ìpwc gnwrÐzoume, eÐnai mikrìtera tm mata
k¸dika pou dieukolÔnoun thn an�ptuxh kai sunt rhsh megalÔterwn programm�twn. To
Ðdio isqÔei kai sthn TorqueScript. AntÐstoiqa mil�me gia mejìdouc ìtan anaferìmaste
se sunart seic pou an koun se k�poia kl�sh.

H d lwsh mÐac sun�rthshc akoloujeÐ thn parak�tw sÔntaxh:

function όνομαΣυνάρτησης(παράμετρος1,...,παράμετροςΝ){

//σώμα συνάρτησης

}

en¸ gia tic mejìdouc:

function όνομαΚλάσης :: όνομαΜεθόδου(%this, παράμετρος1,...,παράμετροςΝ){

//σώμα μεθόδου

}

Sthn TorqueScript autì pou prèpei na prosèxoume eÐnai h pr¸th par�metroc twn
mejìdwn (%this). To pr¸to ìrisma se mia mèjodo eÐnai h anafor� sto
sugkekrimèno stigmiìtupo - antikeÐmeno thc kl�shc gia to opoÐ-
o kl jhke h mèjodoc, thn opoÐa pern�ei autìmata h mhqan  stic
mejìdouc twn kl�sewn ìtan autèc kaloÔntai. Den èqei shmasÐa p¸c o-
nom�zoume to pr¸to ìrisma, arkeÐ na xèroume ìti p�nta ja eÐnai aut  h anafor� kai
ìti ta orÐsmata pou ja per�soume emeÐc sth mèjodo xekin�ne apì to deÔtero ìrisma
kai met�!

Sthn perÐptwsh pou èqoume mèjodo enìc datablock (den prèpei na xeqn�me ìti kai
ta datablocks eÐnai kl�seic) eÐnai pijanì na sunant soume th metablht  %db antÐ thc
%this. Den prìkeitai gia k�ti diaforetikì apl� mac jumÐzei ìti h anafor� gÐnetai se
èna antikeÐmeno datablock.

AkoloujeÐ èna par�deigma kl shc mejìdou gia na gÐnei katanoht  h parap�nw
idiaiterìthta thc gl¸ssac senarÐwn thc TGE:

// Script #7: Method call

//a method of class Player
function Player :: playFootStep (% this ,%sound)
{

i f (% th i s .footStepsOn)
{

serverPlay3D (%sound ,% th i s .getTransform ());
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% th i s .schedule (250, playFootStep ,%sound);
}

}
...
...
$player = new Player () //create a new player object

{
dataBlock=MaleAvatar;
inventory[HealthKit ]=0;
inventory[MP5 ]=0;
inventory[MP5Ammo ]=0;

};
...
...
//Call playFootStep method
$player.playFootStep($footStepSound1);
//Same as
//$player.playFootStep($player,$footStepSound1);
...
...

Oloklhr¸nontac thn enìthta, mÐa teleutaÐa parat rhsh-proeidopoÐhsh: sthn
TorqueScript den isqÔei o polumorfismìc kai h uperfìrtwsh sunar-
t sewn:

• sun�rthsh me Ðdio ìnoma me prohgoÔmenh, akìma kai an èqoun diaforetikì arijmì
paramètrwn, diagr�fei thn prohgoÔmenh sun�rthsh,

• an klhjeÐ mÐa sun�rthsh me ligìterec paramètrouc apì ìti eÐnai sth d lwsh, tìte
h par�metroc pou agnoeÐtai sumplhr¸netai me ken  sumboloseir� (""). Antijètwc
an qrhsimopoihjoÔn perissìterec par�metroi tìte paraleÐpontai oi epiprìsje-
tec.

3.4 SunoyÐzontac

H “Torque” eÐnai mÐa pl rhc mhqan  paiqnidi¸n kai ìqi apl� mÐa mhqan  apìdoshc.
SthrÐzetai sthn arqitektonik  pel�th-exuphretht  k�ti pou epitrèpei thn an�ptuxh
paiqnidi¸n <ánìc paÐkth>> all� kai perissìterwn me thn Ðdia eukolÐa. O k¸dik�c thc
eÐnai grammènoc se gl¸ssa C++ kai diatÐjetai stouc programmatistèc gia na ton
parametropoi soun sÔmfwna me tic an�gkec touc. Sta meÐon thc mhqan c eÐnai h
qr sh twn arqeÐwn “.dts” kai “.dif” gia ta trisdi�stata montèla. PolÔ dÔskola ja
brei kaneÐc ètoima montèla, se autèc tic morfèc, gia na ta ent�xei stic efarmogèc
tou. EpÐshc ta bohjhtik� ergaleÐa gia th sqedÐash thc skhn c   twn grafik¸n
diasundèsewn den eÐnai kajìlou eÔqrhsta. Autì to teleutaÐo ìmwc den prèpei na
mac problhmatÐzei miac kai ta p�nta jewroÔntai antikeÐmena (objects) kai mporoÔn
na dhmiourghjoÔn me th bo jeia senarÐwn. H “TorqueScript” eÐnai mÐa aplopoihmènh
gl¸ssa programmatismoÔ uyhloÔ epipèdou, pou an kei sthn kathgorÐa twn legìmenwn
glwss¸n senarÐwn. 'Eqei qarakthristik� thc C++ me thn ex c shmantik  diafor�:
sthn “TorqueScript”, den up�rqei kanènac trìpoc na ent�xei o qr sthc nèec kl�seic
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(autì mporeÐ na gÐnei mìno an all�xei ton k¸dika thc mhqan c ). Den up�rqei k�ti
antÐstoiqo tou

class όνομαΚλάσης {

//ιδιότητες και μέθοδοι

};

all� mìno h dunatìthta dhmiourgÐac antikeimènwn apì tic ulopoihmènec kl�seic
tou pur na thc TGE.
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Kef�laio 4

SqedÐash kai org�nwsh tou
paiqnidioÔ

To pr¸to st�dio thc an�ptuxhc enìc hlektronikoÔ paiqnidioÔ eÐnai autì thc sqedÐashc
tou paiqnidioÔ. Prìkeitai gia to st�dio ìpou kajorÐzetai to eÐdoc tou paiqnidioÔ pou
prèpei na ulopoihjeÐ, h platfìrma an�ptuxhc, to agorastikì koinì sto opoÐo ja
apeujÔnetai all� kai jèmata tou Ðdiou tou paiqnidioÔ ìpwc sen�rio, epÐpeda-pÐstec,
ìpla pou qrhsimopoioÔntai ktl.

4.1 SqedÐash tou paiqnidioÔ “Water War”

O sqediasmìc enìc paiqnidioÔ eÐnai apì tic shmantikìterec f�seic an�ptuxhc, Ðswc kai
h shmantikìterh kai eÐnai kalì na xekin�me apì aut n, kat� thn dhmiourgÐa enìc nèou
paiqnidioÔ. Basik� eÐnai mÐa katagraf  se qartÐ tou ti ja ulopoihjeÐ sto paiqnÐdi.

4.1.1 SÔntomh perigraf 

To paiqnÐdi ja fèrei ton tÐtlo “Water War”. O paÐkthc analamb�nei ton rìlo
enìc strati¸th pou prospajeÐ na epibi¸sei se ènan nèo Pagkìsmio Pìlemo pou èqei
xesp�sei sth Gh. Oi m�qec diex�gontai sta b�jh thc afrik�nikhc hpeÐrou.

4.1.2 Sen�rio

Briskìmaste en èth 2037 kai o kìsmoc sugklonÐzetai, gia trÐth for�, apì ènan Pag-
kìsmio Pìlemo. O Tzak Sèparnt eÐnai pr¸hn giatrìc pou <<pètaxe>> thn iatrik  stol 
kai ntÔjhke sta qakÐ. T¸ra san ènac nèoc Tzon R�mpo kajodhgeÐtai apì th <<Fwn >>
kai to mìno pou ton endiafèrei eÐnai pwc ja epibi¸sei sth nèa kat�stash pou èqei
diamorfwjeÐ. Aut  th for� ìloi polem�ne me ìlouc, me mìno stìqo na z soun!

H upìjesh tou paiqnidioÔ eÐnai empneusmènh apì thn tainÐa “World War III” h opoÐa
probl jhke sth SÔnodo tou OHE gia to klÐma, sthn Kopegq�gh. Prìkeitai gia mÐa
mikroÔ-m kouc tainÐa twn foitht¸n Stèliou Alexandr�kh kai Menèlaou PampoukÐdh,
tou AristoteleÐou PanepisthmÐou JessalonÐkhc, h opoÐa kèrdise to pr¸to brabeÐo
sto diejn  diagwnismì me tÐtlo “One minute to Save the World”, to 2009
(http://www.1minutetosavetheworld.com/).
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4.1.3 EÐdoc paiqnidioÔ

To “Water War” ja an kei sthn kathgorÐa twn paiqnidi¸n pr¸tou-pros¸pou-bol c
[FPS (=first person shooter)] all� ja perièqei kai stoiqeÐa apì paiqnÐdia peripèteiac
(adventure games). Ja prèpei dhlad  o qr sthc, pèra apì tic m�qec, na brei k�poiec
plhroforÐec ¸ste na mporèsei na oloklhr¸sei thn apostol  tou.

4.1.4 Epirroèc

Den up�rqei k�poio sugkekrimèno paiqnÐdi apì to opoÐo na antl jhkan stoiqeÐa gia
to “Water War”. Ja akoloujeÐ th <<basik  suntag >> twn paiqnidi¸n tÔpou “FPS”:
suneq c dr�sh kai pollèc ekr xeic! 'Iswc h mình epirro  èqei na k�nei me thn ojình
ìpou ja dhl¸nei ìti o paÐkthc plhg¸jhke. H idèa pou èqei efarmosteÐ sto “Mod-
ern Warfare 2” thc “Activision”, me tic khlÐdec aÐmatoc pou k�noun pio dÔskolh thn
peri ghsh sto q¸ro, eÐnai k�ti to diaforetikì (se sÔgkrish me tic paradosiakèc ulo-
poi seic ìpou sthn ojình akariaÐa emfanÐzetai mÐa kìkkinh l�myh) pou ja entaqjeÐ
sthn efarmog .

4.1.5 Platfìrma paiqnidioÔ

To paiqnÐdi ja trèqei kai ja dokimasteÐ se Windows XP. Gia thn an�ptuxh tou ja
qrhsimopoihjeÐ h mhqan  paiqnidi¸n Torque 1.5.2.

4.1.6 Perib�llon paiqnidioÔ

SÔmfwna me to sen�rio, h dr�sh diadramatÐzetai k�pou sthn afrik�nikh  peiro. Gia to
lìgo autì h skhn  tou paiqnidioÔ ja dÐnei thn aÐsjhsh mÐac erhmik c èktashc, qwrÐc
idiaÐterh bl�sthsh. Ta kt ria pou ja sunjètoun th skhn  ja eÐnai lit� kai se skoÔrec
apoqr¸seic ètsi ¸ste na gÐnetai antilhptì ìti briskìmaste se stratiwtik  perioq .

O  rwac ja eisaqjeÐ sth skhn  apì ton ouranì ektel¸ntac pt¸sh me alexÐptwto.
MÐa exwterik  k�mera ja deÐqnei thn pt¸sh tou. Sth sunèqeia ja gÐnei allag  se
k�mera pr¸tou pros¸pou, dhlad  plèon o paÐkthc ja blèpei mèsa apì ta m�tia tou
Tzak. Tautìqrona ja diamorfwjeÐ kai h basik  ojình peri ghshc [HUD (=Heads
Up Display)] ¸ste na emfanÐzei plhroforÐec gia thn enèrgeia, ta ìpla kai ta anti-
keÐmena pou ja èqei sth di�jes  tou o paÐkthc. Den ja up�rqei kanènac periorismìc
kÐnhshc sth skhn  tou paiqnidioÔ. O qr sthc ja eÐnai eleÔjeroc na kinhjeÐ proc k�-
je kateÔjunsh. Wstìso h jèsh twn ontot twn thc skhn c (gia par�deigma lìfoi,
kt ria) ja eÐnai tètoia pou na antilamb�netai poia poreÐa prèpei na akolouj sei. Se
autì ja sumb�loun kai oi plhroforÐec pou ja sugkentr¸nei <<mil¸ntac >> me k�poion
fulakismèno kai parathr¸ntac q�rtec mèsa stic egkatast�seic tou eqjroÔ.

'Oson afor� touc eqjroÔc, autoÐ ja topojethjoÔn se sugkekrimènec jèseic dh-
miourg¸ntac pènte q¸rouc dr�shc. Den ja eÐnai st�simoi all� an� takt� qronik�
diast mata ja peripoloÔn gÔrw apì to arqikì shmeÐo.

4.1.7 Ro  paiqnidioÔ

H efarmog  ja xekin�ei me mÐa eisagwgik  ojình me ton tÐtlo tou paiqnidioÔ kai ja
akoloujeÐ h ojình me to logìtupo thc “GarageGames”. Sth sunèqeia o qr sthc ja
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brejeÐ sto basikì menoÔ ìpou kai ja up�rqei epilog  gia termatismì   gia ekkÐnhsh
tou “Water War”.

Kat� th di�rkeia tou paiqnidioÔ ja mporeÐ na gÐnei termatismìc kai epistrof  sto
perib�llon tou leitourgikoÔ me to pl ktro “Esc”. An o paÐkthc ft�sei sto stìqo
tìte autìmata ja termatÐsei to paiqnÐdi kai p�li.

4.1.8 Basikèc ontìthtec tou paiqnidioÔ

Me ton ìro ontìthtec ennooÔme touc paÐktec, touc eqjroÔc, ta kt ria kai ìpoio �llo
antikeÐmeno brÐsketai sth skhn  tou paiqnidioÔ.

'Hrwac

H basik  figoÔra sto paiqnÐdi ja eÐnai o Tzak. Ja eÐnai sqediasmènoc ètsi ¸ste na
parapèmpei se strati¸th. Sto megalÔtero mèroc tou paiqnidioÔ o paÐkthc ja blèpei
ton kìsmo mèsa apì ta m�tia tou  rwa. Gia to lìgo autì h sqedÐash tou ja eÐnai tètoia
¸ste na faÐnetai mìno to qèri pou sthrÐzei to ìplo (kai fusik� mèroc tou ìplou).
H k�mera pr¸tou pros¸pou ja èqei mÐa mègisth kai mÐa el�qisth gwnÐa katakìrufhc
jèashc (look angle). Den prèpei o paÐkthc kaj¸c koit�zei to èdafoc na ft�sei se
shmeÐo na blèpei eswterik� tou montèlou (h jèsh thc k�merac ja brÐsketai sto Ôyoc
twn mati¸n tou montèlou)   ìtan koit�zei proc ta p�nw na blèpei se gwni� megalÔterh
twn enen nta moir¸n.

Wstìso ja up�rqei kai epilog  gia allag  se k�mera trÐtou pros¸pou ìpou ja
parathroÔme ton  rwa apì pÐsw. Gia to lìgo autì ja up�rqei èna pl rhc montèlo
(kai ìqi gia par�deigma mìno èna qèri pou krat�ei to ìplo, ìpwc sumbaÐnei se k�poia
paiqnÐdia Ðdiou tÔpou). Se aut n thn perÐptwsh ja faÐnontai kai oi kin seic. Prèpei
loipìn na anaptuqjoÔn ta grafik� (animations) gia kÐnhsh proc ta emprìc, pÐsw, sta
pl�gia kai �lma en st�sh   en kin sei.

O  rwac ja xekin�ei me mÐa mègisth enèrgeia (ekatì mon�dec). K�je for� pou ja
dèqetai mÐa sfaÐra, h enèrgeia ja mei¸netai kai m�lista <� zhmi�>> ja eÐnai an�logh
me to shmeÐo pou traumatÐsthke (kef�li, j¸rakac, pìdia). Ektìc apì tic sfaÐrec,
meÐwsh enèrgeiac ja èqoume kai kat� thn pt¸sh apì meg�la Ôyh   an�loga me thn
apìstash tou qarakt ra apì shmeÐo pou ekdhl¸netai èkrhxh (gia par�deigma o Tzak
pat�ei k�poia n�rkh).

'Otan h enèrgeia mhdenÐsei ja prèpei na up�rxei k�poio kinoÔmeno grafikì gia to
j�nato tou paÐkth. O paÐkthc ja mporeÐ na <�nagennhjeÐ>> k�pou mèsa sth skhn . Ja
kajoristoÔn trÐa shmeÐa <�nagènnhshc >> (spawn points) kai k�je for� ja epilègetai
èna me b�sh th jèsh pou prohgoumènwc briskìtan. Den ja up�rqei ìrio gia to pìsec
forèc ja xanampeÐ sto paiqnÐdi.

Ja dÐnetai bèbaia h dunatìthta, ston paÐkth, na anakt sei mèroc thc enèrgei�c tou.
Autì proôpojètei, kat� thn peri ghs  tou, na èqei brei kai na èqei sugkentr¸sei
pakèta enèrgeiac (health kits). Opoiad pote stigm  me èna pl ktro ja mporeÐ na
<<giatreuteÐ>>. K�je pakèto enèrgeiac ja prosjètei pen nta mon�dec enèrgeiac. Ja
prèpei loipìn o paÐkthc na qrhsimopoieÐ ta pakèta me sÔnesh (gia par�deigma an èqei
uposteÐ <<zhmi�>> pènte mon�dwn kai qrhsimopoi sei to pakèto tìte ja brejeÐ se polÔ
dÔskolh jèsh ìtan h enèrgei� tou, argìtera, ja èqei pèsei polÔ qamhl� kai den ja
èqei k�poio �llo pakèto).
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'Oson afor� ton oplismì, autìc ja eÐnai èna ìplo tÔpou AK-47. To ìplo autì
eÐnai autìmato. Gia th qr sh tou ja prèpei na up�rqoun diajèsimec sfaÐrec. Se
di�forec jèseic sto èdafoc ja brÐskontai pakèta pou ja perièqoun pen nta sfaÐrec
to kajèna. O paÐkthc den ja mporeÐ na èqei sth di�jesh tou (na mazèyei) p�nw apì èxi
tètoia pakèta (dhlad  na èqei parap�nw apì triakìsiec sfaÐrec). Kat� th di�rkeia
thc m�qhc ta polemofìdia ja mei¸nontai kai ètsi ja mporoÔn na sugkentrwjoÔn nèa
pakèta kai p�li.

Tèloc k�pou mèsa sta kt ria ja up�rxei mÐa m�ska aerÐwn. O paÐkthc apì th
stigm  pou th mazeÔei ja mporeÐ na th qrhsimopoi sei me k�poio pl ktro. QwrÐc
aut n ja eÐnai adÔnath h prospèlash enìc sugkekrimènou dwmatÐou.

EqjroÐ

Gia touc eqjroÔc ja qrhsimopoihjeÐ èna kai mìno trisdi�stato montèlo (diaforetikì
apì tou  rwa) all� me dÔo eÐdh uf¸n (textures). K�poioi ja eÐnai me kalummèna
prìswpa kai �lloi ìqi. Ta kinoÔmena grafik� ja eÐnai Ðdia me aut� tou  rwa.

Ektìc apì thn emf�nish, oi eqjroÐ ja diakrÐnontai kai wc proc tic armodiìthtèc
touc. Oi perissìteroi apì autoÔc me to pou ja entopÐsoun ton paÐkth ja tou epite-
joÔn. DÔo ja èqoun to rìlo tou na shm�noun to sunagermì ìtan antilhfjoÔn ton
eisbolèa. Sth sunèqeia ja arqÐsoun na sumperifèrontai ìpwc kai oi upìloipoi.

H arqik  enèrgeia gia k�je elegqìmeno apì ton upologist  qarakt ra, ja oristeÐ
stic ekatì mon�dec kai p�li. Aut  th for� ìmwc h <<zhmi�>> apì tic sfaÐrec ja eÐnai me-
galÔterh se sqèsh me aut  tou paÐkth. EpÐshc den ja up�rqei h dunatìthta an�kthshc
enèrgeiac kai apì th stigm  pou ja mhdenÐsei o eqjrìc den ja epanemfanisteÐ.

Gia ìplo ja èqoun èna tÔpou MP-5, me aperiìristo arijmì apì sfaÐrec. O pro-
grammatismìc ja prèpei na eÐnai tètoioc ¸ste na up�rxei mÐa mikr  paÔsh met� apì
suneqìmenec ripèc.

Fulakismènoc

Ja dhmiourghjeÐ ènac qarakt rac fulakismènou me ton opoÐo o paÐkthc ja mporèsei
na <<mil sei>> kai na sugkentr¸sei plhroforÐec. Ja topojethjeÐ se kt rio kont�
sto shmeÐo pt¸shc tou  rwa. An ton eleujer¸sei tìte o fulakismènoc ja trèxei
makri� apì to shmeÐo pou exelÐssetai h dr�sh. To trisdi�stato montèlo pou ja
qrhsimopoihjeÐ ja eÐnai tou  rwa, me diaforetik  uf .

Kt ria

Kat� kÔrio lìgo ta kt ria ja eÐnai enìc dwmatÐou, qwrÐc pollèc leptomèreiec, me
anoÐgmata gia eÐsodo kai par�jura. Sta kt ria ja brÐskontai antikeÐmena ta opoÐa kai
ja mporeÐ na sullègei o paÐkthc   na qeirÐzetai.

'Ena apì aut� ja eÐnai dÔo orìfwn kai ja up�rqei upologist c ston opoÐo kai
ja prèpei na apokt sei prìsbash gia na anakt sei ènan kwdikì. Autìc o kwdikìc
ja qreiasteÐ gia na anoÐxei h surìmenh pìrta enìc bioqhmikoÔ ergostasÐou, pou ja
brÐsketai proc to tèloc thc apostol c. Gia na eisèljei o paÐkthc se autì ja prèpei
na diajètei eidik  m�ska. For¸ntac th m�ska ja y�xei gia to diakìpth pou ja anoÐgei
thn pÔlh pou odhgeÐ sto <<stìqo>>.
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O <<stìqoc >> ja eÐnai èna qrhmatokib¸tio to opoÐo ed¸ den ja apokalÔyoume
ti perièqei. H jèsh tou ja eÐnai mèsa se pètrino kataskeÔasma, idiaÐtera yhlì kai
me poll� shmeÐa apì ta opoÐa ja mporoÔn na <<petaqtoÔn>> eqjroÐ. GÔrw apì to
oikodìmhma ja up�rqoun teÐqh kai gia na per�soume apì aut� ja prèpei, ìpwc eÐpame,
na èqoume episkefteÐ to bioqhmikì ergost�sio.

Dèndra

Sth skhn  tou paiqnidioÔ ja up�rqoun k�ktoi tÔpou “Saguaro”. An o paÐkthc èrjei
se epaf  (collide) me ton k�kto ja emfanistoÔn plhroforÐec, se par�juro mhnum�twn,
gia to sugkekrimèno eÐdoc.

IdiaÐterhc shmasÐac ja eÐnai to <<dèndro thc Tenere>>1 k�pou sth skhn . P�li me
epaf  ja antleÐ o  rwac plhroforÐec pou h prosektik  an�gnws  touc ja apoteleÐ
<<kleidÐ>> gia thn exèlixh tou paiqnidioÔ. Pio sugkekrimèna oi plhroforÐec ja epitrèyoun
ston paÐkth na mantèyei ton kwdikì prìsbashc tou hlektronikoÔ upologist , pou ja
brÐsketai mèsa sto di¸rofo kt rio.

Oq mata

Ja up�rxoun montèla stratiwtik¸n oqhm�twn ìpwc �rmata m�qhc kai tzip gia na
prosd¸soume megalÔtero endiafèron sth skhn . O  rwac den ja epitrèpetai na ta
odhg sei.

Ja prosjejeÐ ìmwc èna purobìlo (kanìni) to opoÐo kai ja qrhsimopoieÐtai ìtan o
paÐkthc ja brÐsketai kont� se autì. M numa sthn ojình ja ton eidopoieÐ ìti, gia pa-
r�deigma, to purobìlo eÐnai oplismèno kai me sugkekrimèno pl ktro ja pragmatopoieÐ
bol .

4.1.9 Sunj kh termatismoÔ

To paiqnÐdi ja termatÐzei ìtan o paÐkthc ft�sei sto <<stìqo>>.

4.1.10 Qeirismìc

O qeirismìc ja gÐnetai me to plhktrolìgio kai to pontÐki. Gia thn kÐnhsh ja qrh-
simopoihjoÔn ta pl ktra “WASD” (w: kÐnhsh proc ta emprìc, a: kÐnhsh proc ta
arister�, s: kÐnhsh proc ta pÐsw, d: kÐnhsh proc ta dexi�) en¸ me to pontÐki o paÐkthc
ja elègqei thn k�mera kai ja puroboleÐ. Sthn poreÐa ja kajoristoÔn ta pl ktra
me ta opoÐa ja allhlepidroÔme me ontìthtec tou paiqnidioÔ (sunhjÐzetai to pl ktro
“F”), ja qrhsimopoioÔme ta pakèta enèrgeiac kai th m�ska.

4.2 Org�nwsh arqeÐwn

'Ola ta arqeÐa brÐskontai sto f�kelo “Water War”. O f�keloc perièqei perÐpou
500 arqeÐa. Ta 250 apì aut� apoteloÔn ta dedomèna tou paiqnidioÔ. Prìkeitai gia

1To dèntro thc Tenere  tan to pio apomonwmèno dèntro ston kìsmo. Mia apìmerh akakÐa, pou
meg�lwse sthn èrhmo thc Saq�rac, sto NÐghra. Den up rqe �llo dèntro se aktÐna 400 qlm. To
dèntro den up�rqei pia kaj¸c to 1973 ènac mejusmènoc, LÐbuoc odhgìc forthgoÔ èpese p�nw tou!
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trisdi�stata montèla, eikìnec kai arqeÐa  qou. Ta upìloipa eÐnai ta tm mata k¸dika
pou anaptÔqjhkan gia th dhmiourgÐa tou paiqnidioÔ.

4.2.1 <<F�keloc rÐza>> (Root Directory)

Den up�rqei sqedìn kanènac periorismìc sto pwc ja organwjoÔn ta arqeÐa, se paiqnÐ-
dia pou anaptÔssontai me thn TGE. To mìno pou apaiteÐtai eÐnai ènac basikìc f�keloc,
mèsa ston opoÐo ja brÐsketai to ektelèsimo arqeÐo thc efarmog c, to ar-
qeÐo “main.cs” (the root main module) kai fusik� ìla ta upìloipa arqeÐa. O
f�keloc autìc kaleÐtai <<f�keloc rÐza>>.

Sthn efarmog c mac, <<f�keloc rÐza>> eÐnai o “WaterWar”. To “torqueDemo.exe”

Sq ma 4.1: O <<f�keloc rÐza>> tou “Water War”

eÐnai to ektelèsimo arqeÐo. Blèpoume ìti o f�keloc rÐza perièqei kai tic dunamikèc
biblioj kec (.dll) gia th qr sh twn aparaÐthtwn sunart sewn kai uporoutin¸n pou
sqetÐzontai me tic biblioj kec “OpenGL” kai “OpenAL”. Na shmeiwjeÐ kai p�li ìti
to arqeÐo “main.cs” eÐnai idiaÐtera shmantikì kai qwrÐc autì (sto f�kelo ìpou eÐnai
kai to ektelèsimo) to paiqnÐdi den ja mporeÐ na <<trèxei>>!

Oi diadromèc (paths) ìlwn twn arqeÐwn pou dÐnontai se aut n thn ergasÐa eÐnai
sqetikèc (relative) kai xekin�ne p�nta apì ton kat�logo-rÐza. Gia par�deigma, h dia-
drom  “/control/main.cs” dhl¸nei to arqeÐo “main.cs” pou brÐsketai ston kat�logo
“control”, o opoÐoc me th seir� tou brÐsketai ston kat�logo “WaterWar”.

4.2.2 To basikì arqeÐo “main.cs” (the root main module)

Kat� thn ekkÐnhs  thc h mhqan  y�qnei gia to arqeÐo “main.cs”, pou prèpei na brÐske-
tai ston Ðdio kat�logo me to ektelèsimo (bl. Sq ma 4.1). Sunep¸c to shmeÐo eisìdou
thc efarmog c eÐnai autì to arqeÐo.

Se autì gÐnontai oi pr¸tec arqikopoi seic, dhl¸nontai ta orÐsmata gramm c (den
èqoume gia th dik  mac efarmog ), kajorÐzontai oi diadromèc twn arqeÐwn. EpÐshc
mporoÔme na zht soume kat� thn met�frash tou k¸dika na prostejoÔn epiplèon plh-
roforÐec, ìpou ja bohj soun sthn aposfalm�tws  tou.

Tèloc eÐnai to arqeÐo ìpou xekin�ne kai fort¸nontai sth mn mh ta pr¸ta ar-
qeÐa senarÐwn (entol  “exec”). SunhjÐzetai ta arqeÐa aut� na onom�zontai epÐshc
“main.cs”. 'Etsi, mèsa sto f�kelo-rÐza, èqoume touc fakèlouc “control” kai “com-
mon” ìpou o kajènac perièqei to dikì tou “main.cs” arqeÐo. Aut� me th seir� touc
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fort¸noun sth mn mh �lla arqeÐa k.o.k. me apotèlesma stadiak� ìloc o k¸dikac na
metafr�zetai kai na ekteleÐtai.

//==================================
// ./main.cs
//
// root main module for Water War
//
// The root script!
//==================================
$traceMode= f a l s e ;
$winConsole= true;

trace ($traceMode); //add extra commentary in the log file
EnableWinConsole($winConsole);

$logModeEnabled= true; //create a log file
SetLogMode(2); //overwrites existing log file and close log

file at exit

//∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
//∗OnExit is called directly from C++ code, whereas onStart is
//∗invoked at the end of this file.
//∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
function OnExit (){}

//∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
//∗Default startup function
//∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
function OnStart (){}

// −−> Notify engine about required folder paths
$pathList="common;control";
SetModPaths($pathList);
// <−−

// −−> In−line program statements
exec("common/main.cs"); //load into memory the common/main.cs

module
exec("control/main.cs"); //load into memory the control/main.cs

module
// <−−

OnStart (); //call all versions of OnStart() that appear in the
pathList

4.2.3 F�keloc “common”

O f�keloc “common” perilamb�nei sunart seic, mejìdouc kai orismoÔc kl�sewn kai
datablock pou kajorÐzoun stoiqei¸deic genikèc leitourgÐec thc efarmog c.

Sugkekrimèna o “common” kat�logoc perilamb�nei touc katalìgouc “server”,
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“client”, “lighting”, “ui” kai to arqeÐo kajorismènwn/proepilegmènwn tim¸n “prefs.cs”.
Oi basikèc leitourgÐec twn arqeÐwn pou perikleÐontai sta parap�nw eÐnai h kataskeu 
tou exuphretht , h arqikopoÐhs  tou kai h katastrof  tou, ìtan aut  apaiteÐtai, h dh-
miourgÐa sÔndeshc metaxÔ tou teleutaÐou kai twn pelat¸n kai h aposÔndesh ìtan aut 
eÐnai epijumht . EpÐshc kajorÐzontai oi treic f�seic fìrtwshc thc efarmog c (ja tic
analÔsoume parak�tw), h ulopoÐhsh sunart sewn pou dieukolÔnoun thn epikoinwnÐa
metaxÔ pelat¸n kai exuphretht , h arqikopoÐhsh tou grafikoÔ sust matoc (dhmiour-
gÐa “Canvas” ston pel�th) kai jèmata pou èqoun na k�noun me th grafik  diasÔndesh
tou qr sth ìpwc h qr sh kèrsora kai ta par�jura mhnum�twn gia termatismì thc
efarmog c.

Sq ma 4.2: Ta shmantikìtera arqeÐa tou “common”

4.2.4 F�keloc “control”

Lìgw thc org�nwshc thc efarmog c sÔmfwna me thn arqitektonik  pel�th - exuph-
retht , o k¸dik�c tou fakèlou “control” qwrÐzetai sto tm ma tou pel�th (“client”),
sto tm ma tou exuphretht  (“server”) kai sto tm ma twn dedomènwn (“data”).

'Opwc anafèrjhke kai se prohgoÔmeno kef�laio, h org�nwsh aut  dieukolÔnei ton
katamerismì ergasÐac, thn apodotikìterh diaqeÐrish twn dedomènwn kai thn apìkruyh
plhrofori¸n apì to èna mèroc sto �llo ìtan autì apaiteÐtai. EpÐshc dieukolÔnei
th mellontik  epèktash thc efarmog c ¸ste na exuphreteÐ perissìterouc pel�tec
an k�ti tètoio eÐnai epijumhtì. Se aut n thn perÐptwsh, o k¸dikac twn pelat¸n
kai tou exuphretht  mporoÔn na ekteloÔntai se diaforetikoÔc upologistèc kai na
epikoinwnoÔn mèsw diktÔou.

To tm ma tou pel�th eÐnai upeÔjuno kurÐwc gia th sÔndesh me ton exuphretht ,
ton èlegqo thc eisìdou kai thc exìdou kai thn parousÐash thc eikìnac.

To tm ma tou exuphretht  eÐnai epifortismèno me �llou eÐdouc armodiìthtec ì-
pwc h dhmiourgÐa kai diagraf  antikeimènwn, h kÐnhsh twn qarakt rwn, h anÐqneush
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sÔgkroushc metaxÔ antikeimènwn, h ulopoÐhsh twn “triggers” kai genikìtera o ka-
jorismìc twn perissìterwn sunart sewn kai mejìdwn pou aforoÔn sthn kataskeu 
kai th sumperifor� twn antikeimènwn thc efarmog c. 'Etsi to tm ma tou k¸dika pou
ulopoieÐ to megalÔtero komm�ti tou paiqnidioÔ brÐsketai sto f�kelo “server”.

O kat�logoc “data” den perièqei k¸dika, all� pìrouc optikoakoustik c fÔshc
(3D montèla, eikìnec, arqeÐa  qou), pou qrhsimopoioÔntai gia thn anapar�stash tou
kìsmou. O k¸dikac tou pel�th kai tou exuphretht  eÐnai upeÔjunoc gia to qeirismì
aut¸n twn pìrwn. Gia par�deigma, o pel�thc epilègei èna mousikì komm�ti pou epana-
lamb�netai ìso deÐqnei to kentrikì menoÔ   o exuphretht c dhmiourgeÐ èna antikeÐmeno
tou datablock “PlayerData” kai qrhsimopoieÐ k�poio 3D montèlo pou ja anaparist�
to antikeÐmeno autì ston kìsmo.

Sq ma 4.3: Ta perieqìmena tou katalìgou “control”

4.3 SunoyÐzontac

H sqedÐash pou parousi�sthke sto pr¸to mèroc tou kefalaÐou eÐnai polÔ prìqeirh.
Sth biomhqanÐa twn hlektronik¸n paiqnidi¸n, oi sqediastèc dÐnoun meg�lh shmasÐa sth
leptomèreia. Gia par�deigma ja èprepe na eÐqe anaferjeÐ to pìso <<zhmi�>> ufÐstatai
o paÐkthc ìtan qtuphjeÐ sto kef�li,   thn akrib  jèsh pou ja topojethjoÔn oi
ontìthtec. O programmatist c pou ja diab�sei to sqèdio tou paiqnidioÔ prèpei na
mporeÐ na ulopoi sei ta antikeÐmen� tou kai th sumperifor� touc.

To paiqnÐdi suneq¸c ja belti¸netai kat� th di�rkeia thc paroÔsac ergasÐac kai
mèqri thn olokl rws  thc. Met� kai apì tic teleutaÐec dokimèc to sÐgouro eÐnai ìti
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ja up�rxoun allagèc p�nw sth sqedÐash. 'Etsi autì pou parousi�sthke sthn ousÐa
eÐnai o basikìc kormìc me ton opoÐo xekÐnhse h diplwmatik .

Me b�sh autìn anaptÔqjhkan ta komm�tia k¸dika tou paiqnidioÔ kai organ¸jhkan
sÔmfwna me thn arqitektonik  pel�th - exuphretht . Na shmeiwjeÐ ìti h Torque èrqe-
tai me merik� paradeÐgmata efarmog¸n, pou akoloujoÔn mÐa sugkekrimènh org�nwsh
arqeÐwn. H ergasÐa aut  den qrhsimopoieÐ kanèna apì aut� ta paradeÐgmata kai èqei
grafteÐ xekin¸ntac apì to mhdèn. Bèbaia, ta paradeÐgmata aut� qrhsÐmeusan san o-
dhgìc kai se meg�lo bajmì akoloujeÐtai parìmoia org�nwsh me aut�. H epilog  aut 
shmaÐnei ìti èqoume mìno thn aparaÐthth leitourgikìthta kai pio sunektik , afoÔ h
pleioyhfÐa twn leitourgi¸n prostèjhke stadiak� kai mìno ìtan aut  qrei�sthke. Au-
tì se kamÐa perÐptwsh de shmaÐnei ìti an jèloume na dhmiourg soume èna nèo paiqnÐdi
ja prèpei na xekin soume p�li apì thn arq ! O k¸dikac “common” ja parameÐnei Ðdioc
en¸ sto “control” tm ma, an to paiqnÐdi eÐnai p�li tÔpou FPS, oi allagèc ja eÐnai se
sugkekrimèna arqeÐa.

Prin suneqisteÐ h an�lush thc leitourgikìthtac tou paiqnidioÔ ja akolouj sei
h dhmiourgÐa twn ontot twn tou. Dustuq¸c oi tÔpoi arqeÐwn pou qrhsimopoieÐ h
mhqan , gia ta trisdi�stata montèla, den eÐnai tìso sunhjismènoi (m�llon jewroÔntai
plèon xeperasmènoi) opìte eÐmaste anagkasmènoi na montelopoi soume mìnoi mac  
na tropopoi soume k�poia montèla eurèwc qrhsimopoioÔmenwn tÔpwn (gia par�deigma
“.3ds”).
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Kef�laio 5

DhmiourgÐa ontot twn tou
paiqnidioÔ

Ta hlektronik� paiqnÐdia eÐnai trìpoc diaskèdashc gia polloÔc. K�poioi sÐgoura gnw-
rÐzoun ìti pÐsw apì autì pou blèpoun sthn ojình touc up�rqei k¸dikac grammènoc
apì mia om�da programmatist¸n. Oi perissìteroi ìmwc den mpaÐnoun sth diadikasÐa
na analogistoÔn p¸c kineÐtai o eikonikìc touc qarakt rac, sto Sims! Strèfoun thn
prosoq  touc sta antikeÐmena thc skhn c pou paÐzoun to rìlo tou ktirÐou, tou autoki-
n tou kai otid pote �llo up�rqei kai ston pragmatikì kìsmo. ApolÔtwc logikì autì,
miac kai èqoume na k�noume me mia optik  efarmog . Ta montèla loipìn eÐnai basik�
sustatik� enìc hlektronikoÔ paiqnidioÔ. Se èna paiqnÐdi dr�shc, ènac kÔboc san ba-
sikìc qarakt rac sÐgoura ja prokalèsei thn oloklhrwtik  tou apotuqÐa sthn agor�,
se antÐjesh me èna trisdi�stato montèlo �ntra strati¸th, me emfan  ta shm�dia apì
tic m�qec sto prìswpì tou.

To kef�laio 5 asqoleÐtai me th dhmiourgÐa twn ontot twn tou paiqnidioÔ ìpwc
eÐnai oi trisdi�statoi qarakt rec kai ta kt ria. GÐnetai epÐshc anafor� sto legìmeno
<<parallhlepÐpedo tou ouranoÔ>> (“SkyBox”) kai parousi�zetai mÐa efarmog  pou ana-
ptÔqjhke ¸ste na par�goume eÔkola ed�fh (terrain) gia tic apostolèc tou paiqnidioÔ.

5.1 Trisdi�stata montèla (3D models)

Miac kai eÐnai to pr¸to kef�laio to opoÐo asqoleÐtai me ta trisdi�stata montèla,
k�poiec basikèc plhroforÐec ja d¸soun mÐa pio oloklhrwmènh eikìna p�nw sto jèma.
Ac xekin soume apì ta autonìhta! TÐ eÐnai trisdi�stato montèlo;

Ston pragmatikì kìsmo antilambanìmaste antikeÐmena tri¸n diast�sewn (Ôyoc,
pl�toc, b�joc). 'Otan jèloume na ta anaparast soume se mia ojình upologist , prè-
pei na analogistoÔme ìti h teleutaÐa eÐnai mÐa disdi�stath suskeu  exìdou (Ôyoc apì
thn koruf  thc ojìnhc mèqri th b�sh kai pl�toc apì arister� thc ojìnhc èwc dexi�).
To proðìn thc diadikasÐac me thn opoÐa apodÐdoume èna antikeÐmeno
tou pragmatikoÔ kìsmou se mia disdi�stath suskeu  apeikìnishc
(gia par�deigma ojình, qartÐ ektÔpwshc), onom�zetai trisdi�stato
montèlo (3D model). To montèlo autì sth sunèqeia mporeÐ na gÐnei pio realistikì
me thn prosj kh optik¸n qarakthristik¸n ìpwc skièc, ufèc. H ìlh diadikasÐa
upologismoÔ thc emf�nishc tou trisdi�statou montèlou, dhlad  h
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metatrop  se ontìthta pou na mporeÐ na anaparastajeÐ se disdi�-
stath suskeu  kai h telik  eikìna, kaleÐtai <�pìdosh>> (rendering).

Sq ma 5.1: (a)
PolÔgwna, (b)
Plègmata

An anatrèxoume sto kef�laio 2 kai sugkekrimèna sthn enì-
thta gia th mhqan  apìdoshc (2.3.1), ja doÔme ìti eÐqe gÐnei mÐa
pr¸th anafor� sta montèla tri¸n diast�sewn. Jèlontac na ge-
nikeÔsoume to par�deigma tou kÔbou, sthn en lìgw enìthta, mpo-
roÔme na poÔme ìti èna montèlo anaparist� èna trisdi�stato anti-
keÐmeno qrhsimopoi¸ntac mia sullog  shmeÐwn (vertices). Ta
shmeÐa sundèontai me grammèc pou onom�zontai akmèc (edges).
E�n sundèsoume trÐa   perissìtera shmeÐa me akmèc, ètsi ¸ste
na sqhmatisteÐ mia kleist  epif�neia (face/facet), dhmiour-
geÐtai èna polÔgwno (polygon). To pio aplì polÔgwno eÐnai
to trÐgwno (triangle).

Oi k�rtec grafik¸n s mera eÐnai sqediasmènec ¸ste na epe-
xerg�zontai qili�dec trÐgwna to deuterìlepto. ExaitÐac autoÔ,
sth montelopoÐhsh qrhsimopoioÔntai kat� kÔrio lìgw trÐgwna
antÐ �llwn polug¸nwn. Ex�llou k�je polÔploko polÔgwno mpo-
reÐ na diairejeÐ se mia sullog  trig¸nwn pou kaleÐtai plègma
(mesh).

H par�stash antikeimènwn me polÔgwna (polugwnikì mo-
ntèlo) eÐnai h palaiìterh kai h pio diadedomènh, idiaÐtera de ìtan
ta antikeÐmena aut� èqoun lÐgec epÐpedec epif�neiec. H duskolÐa
par�stashc aux�netai gia polÔploka, mh epÐpeda antikeÐmena oi
epif�neiec twn opoÐwn prèpei na proseggisjoÔn apì èna sÔnolo

polug¸nwn. Den up�rqei k�poioc kanìnac gia to pìsa polÔgwna prèpei na qrhsimopoi-
hjoÔn gia aut n thn prosèggish, all� akìma kai diaisjhtik� k�poioc ja parathr sei
ìti perioqèc me meg�lh koilìthta ja qreiasteÐ na èqoun megalÔtero arijmì polug¸nwn
an� mon�da epif�neiac apì perissìtero epÐpedec perioqèc!

5.2 Teqnikèc sqedÐashc trisdi�statwn montèlwn

Up�rqoun arketèc diaforetikèc teqnikèc sqedÐashc pou qrhsimopoioÔn ìsoi asqoloÔn-
tai me th dhmiourgÐa montèlwn. H poikilÐa aut  exart�tai tìso apì ta ergaleÐa ìso
kai apì ta dedomèna ta opoÐa eÐnai diajèsima se k�poion gia th sqedÐash tou montèlou.
'Estw gia par�deigma ìti èqoume anal�bei thn trisdi�stath apeikìnish k�poiac perio-
q c thc Ell�dac. Fusik� kai den ja doulèyoume me ergaleÐa ìpwc to “Autodesk 3ds
Max”1! Pr¸ta ja episkeftoÔme tic armìdiec uphresÐec ìpou ja mac d¸soun ta dedo-
mèna thc perioq c se k�poia yhfiak  morf  (DLG-O, DEM, SDTS,...). Sth sunèqeia
ja broÔme to logismikì ekeÐno ìpou ja mporèsei na diab�sei ta parap�nw dedomèna
kai na mac ex�gei to montèlo pou jèloume.

Sthn paroÔsa ergasÐa apaitoÔntai montèla gia hlektronikì paiqnÐdi. AkoloujeÐtai
loipìn h filosofÐa <<tou mikroÔ arijmoÔ polug¸nwn>> (low-poly model-
ing). Apì ìsa dhlad  ligìtera polÔgwna apartÐzetai èna montèlo, tìso to kalÔtero
gia th sqedÐash. Me ìsa perissìtera polÔgwna <<fort¸netai>> k�poio montèlo, tìsa

1Prìkeitai gia to plèon diadedomèno emporikì prìgramma dhmiourgÐac trisdi�statwn, realistik¸n
montèlwn, fwtorealismoÔ, kÐnhshc kai eidik¸n efè.
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ligìtera ja eÐnai diajèsima gia �lla stigmiìtupa tou Ðdiou,   gia �lla montèla, se èna
dedomèno karè gia k�poio dedomèno bajmì karè.

H sqedÐash me el�qisto arijmì polug¸nwn apaiteÐ pr¸ta apì ìla thn èntaxh twn
montèlwn se kathgorÐec. K�poia apì aut� ja èqoun prwteÔon rìlo sto paiqnÐdi, en¸
�lla ja èrqontai se deÔterh moÐra kai mporeÐ na pern�ne kai aparat rhta. 'Opwc eÐnai
logikì ta teleutaÐa den ja montelopoihjoÔn me meg�lh leptomèreia. Gia par�deigma
ènac br�qoc sthn �krh tou drìmou den eÐnai tìso shmantikìc kai mporeÐ k�llista
na anaparastajeÐ apì èna plègma tri�nta to polÔ polug¸nwn. AntÐjeta èna kt rio
amèswc ja trab xei thn prosoq  tou parathrht /paÐkth kai sunep¸c den ja mporoÔse
na ulopoihjeÐ me ligìtera apì triakìsia polÔgwna.

Sth sunèqeia o sqediast c prèpei na upologÐsei ti ja sumbeÐ an ìla ta montèla
brejoÔn tautìqrona sthn skhn . 'Enac qarakt rac apì pènte qili�dec polÔgwna mpo-
reÐ na diaqeiristeÐ �neta apì k�poio mhq�nhma. TÐ gÐnetai an to paiqnÐdi eÐnai diktuakì
kai èqoume dèka paÐktec pou xekin�ne apì to Ðdio shmeÐo thc pÐstac; JewroÔme ìti
k�je paÐkthc èqei to dikì tou qarakt ra (avatar), pou anaparist�tai apì to Ðdio mo-
ntèlo twn pènte qili�dwn polug¸nwn. 'Ara o upologist c qrei�zetai na epexergasteÐ
pen nta qili�dec polÔgwna (qwrÐc na logari�zoume ta polÔgwna apì to èdafoc, ta
kt ria, ta ìpla)!

Tèloc sunupologÐzetai h geni� tou epexergast  kai thc k�rtac grafik¸n. 'Iswc
ta pènte qili�dec polÔgwna, sthn parap�nw perÐptwsh, na eÐnai arnhtikìc par�gontac
gia k�poion upologist  thc prohgoÔmenhc dekaetÐac. EÐnai sof  kÐnhsh èna paiqnÐdi
na mporeÐ na eÐnai ektelèsimo se èna eurÔ f�sma qrhst¸n, me mia axioprep  taqÔthta,
en¸ par�llhla na epitrèpetai stouc pio teqnologik� <<dunatoÔc >> na èqoun exairetikì
rujmì karè.

Sthn perÐptwsh thc Torque Game Engine oi endeiktikèc timèc gia na epiteuqjeÐ
uyhlìc bajmìc leptomèreiac eÐnai oi ex c:

• qarakt rec - 2250 polÔgwna,

• oq mata - 1500 polÔgwna,

• ìpla - 500 polÔgwna,

• upìloipa antikeÐmena - èwc 400 polÔgwna.

5.2.1 Me basik� sq mata (Shape Primitives)

'Otan anaferìmaste se basik� sq mata, ennooÔme parallhlepÐpedo (box), kÔlindro
(cylinder), sfaÐra (sphere), epif�neia (plane). Sqedìn ìla ta logismik� gia dhmiour-
gÐa montèlwn tri¸n diast�sewn prosfèroun th dunatìthta eÔkolhc sqedÐashc twn
parap�nw.

H sugkekrimènh teqnik  eÐnai o pio gr goroc trìpoc sqedÐashc montèlou me mikrì
arijmì polug¸nwn. Epilègetai k�poio sq ma (gia par�deigma kÔboc) pou tairi�zei sto
tm ma pou jèloume na <<ktÐsoume>> kai tropopoioÔntai kat�llhla oi akmèc tou ¸ste na
p�roume to epijumhtì apotèlesma.
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5.2.2 Me stadiak  dhmiourgÐa polug¸nwn (Incremental Poly-
gon Construction)

Me thn en lìgw mèjodo pr¸ta topojetoÔme ta shmeÐa stic kat�llhlec jèseic. Sth
sunèqeia epilègoume, sun jwc an� tri�dec,ta shmeÐa me tètoio trìpo ¸ste na dhmiour-
ghjeÐ k�poia epif�neia tou montèlou mac.

Sth teqnik  thc <<stadiak c dhmiourgÐac polug¸nwn>> prohgeÐtai, tic perissìterec
forèc, h fwtogr�fhsh,to skits�risma tou sq matoc proc apìdosh, se di�forec dieu-
jÔnseic (gia k�poia anjr¸pinh morf  gia par�deigma, profÐl kai anf�c). 'Etsi mporoÔ-
me na qrhsimopoi soume ta teleutaÐa wc odhgoÔc gia to poÔ kai p¸c ja dhmiourghjoÔn
ta polÔgwna. Parak�tw ja doÔme sthn pr�xh th qr sh tètoiwn <ådhg¸n>>.

5.2.3 Me kat� �xona   aujaÐreth <áxagwg >> (Axial/Arbitrary
Extrusion)

Xekin�me me èna basikì sq ma, sun jwc parallhlepÐpedo, to upodiairoÔme kai epi-
lègoume ta polÔgwna ekeÐna pou ja mac d¸soun ta nèa plègmata. Me thn <<kat�
�xona exagwg >> to nèo plègma anaptÔssetai proc ènan mìno �xona se antÐjesh me
thn aujaÐreth ìpou gÐnetai proc ìpoion �xona qreiasteÐ.

5.2.4 Sunduasmìc twn parap�nw kai �llec teqnikèc

To poia teqnik  ja akolouj sei k�poioc gia th dhmiourgÐa tou montèlou eÐnai kajar�
proswpik  epilog  kai èqei na k�nei tìso me ta dedomèna kai ta ergaleÐa pou èqei
sth di�jes  tou, ìpwc eÐpame kai sthn arq , all� kai apì thn empeirÐa tou p�nw sth
sqedÐash. MporeÐ an� p�sa stigm  na qrhsimopoi sei ènan sunduasmì twn parap�nw.
Gia par�deigma, o kormìc se èna anjr¸pino montèlo mporeÐ na gÐnei me thn teqnik 
twn <<basik¸n sqhm�twn>> (kÔlindroi gia pìdia kai qèria, orjog¸nio parallhlepÐpedo
gia st joc) en¸ to prìswpo me <<stadiak  dhmiourgÐa polug¸nwn>>.

Oi teqnikèc pou perigr�fthkan eÐnai èna mìno deÐgma gia montelopoÐhsh sqhm�twn.
Koinì qarakthristikì touc eÐnai ìti sthrÐzontai sth filosofÐa thc sqedÐashc me mikrì
arijmì polug¸nwn. Sthn Ðdia kathgorÐa an kei kai h <<qartogr�fhsh topoje-
si¸n>> (topographical shape mapping) me thn opoÐa paÐrnoume trisdi�statec
morfèc perioq¸n/edaf¸n. Bèbaia prìkeitai gia mia automatopoihmènh diadikasÐa ìpwc
perigr�fthke sthn arq  thc enìthtac.

5.3 Ufèc (Textures)

Oi <Ífèc>> eÐnai oi afan c  rwec twn paiqnidi¸n tri¸n diast�sewn. Basikìc stìqoc
touc eÐnai na dhmiourgoÔn kai na enisqÔoun thn epijumht  atmìsfaira sto paiqnÐdi.

Wstìso tic perissìterec forèc qrhsimopoioÔntai gia na lÔsoun ta qèria twn sqe-
diast¸n wc proc tic leptomèreiec pou prèpei na prosjèsoun se èna montèlo. Gia
par�deigma èna teÐqoc apì pètrec den qrei�zetai na montelopoihjeÐ me diaforetik�,
mikr�, orjog¸nia parallhlepÐpeda, topojethmèna me maestrÐa to èna p�nw sto �llo.
ArkeÐ h dhmiourgÐa enìc kai mìno parallhlepipèdou stic diast�seic tou teÐqouc kai
h qr sh thc kat�llhlhc uf c pou ja d¸sei thn aÐsjhsh thc dhmiourgÐac me polloÔc
lÐjinouc ìgkouc.
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Me thn Ðdia teqnik  mporoÔme na anaparast soume kai to fusikì perib�llon qwrÐc
na qrei�zetai na kataskeu�soume trisdi�stata montèla gia ta mikroantikeÐmena thc
skhn c ìpwc kladi�, j�mnoi, qalÐkia. Akìma kai h parousÐa enìc katarr�kth sth
skhn  mporeÐ na gÐnei me ton Ðdio trìpo. Kai den periorizìmaste mìno se aut�. Ske-
fteÐte èna koutÐ (èxi pleurèc) pou perikleÐei th skhn  dr�shc tou paiqnidioÔ mac. H
efarmog  twn swst¸n uf¸n se autì ja mac d¸sei thn entÔpwsh enìc jìlou, pou ja
apoteleÐ ton ouranì, p�nw apì ton orÐzonta (“skybox”).

Praktik� oi ufèc eÐnai arqeÐa grafik¸n: “.gif”, “.jpg” kai “.png”2. 'Eqei epi-
krat sei na qrhsimopoioÔntai ta dÔo teleutaÐa miac kai ta “.gif” arqeÐa (Graphics
Interchange Format) den prosfèroun k�ti perissìtero apì ìti ta kat�lhxhc “png”.

Sq ma 5.2: Mo-
ntèlo (a) qwrÐc
kai (b) me ufèc

H al jeia eÐnai ìti prìkeitai gia ta mìna arqeÐa <<yhfio-
koukkÐdwn>>3 pou epitrèpoun k�poiou eÐdouc kÐnhshc (anima-
tion). Wstìso sto q¸ro twn trisdi�statwn efarmog¸n up�rqoun
pollèc teqnikèc gia kÐnhsh, opìte to dunatì qartÐ twn en lìgw
morf¸n eikìnac aqrhsteÔetai an analogistoÔme ìti h diepaf  Di-
rectX (blèpe <<OpenGL, DirectX kai h sqèsh touc me mÐa mhqan 
paiqnidioÔ>>, enìthta 2.4) den uposthrÐzei ufèc tÔpou “.gif”!

Apì ekeÐ kai pèra kai oi eikìnec me kat�lhxh “jpg” (Join
Photo Group) apofeÔgontai sthn teqnik  twn uf¸n. MporeÐ
o <�lgìrijmoc sumpÐeshc JPEG” na eÐnai arket� apodotikìc kai
na par�gei mikr� se mègejoc arqeÐa, wstìso eÐnai apwlestikìc
(lossy). PetuqaÐnei dhlad  meg�lh sumpÐesh me to na mei¸nei thn
poiìthta thc eikìnac. Autì sunep�getai ìti an èqoume k�poia uf 
kai qreiasteÐ na thn epexergastoÔme treic   tèsseric forèc tìte
met� apì k�je nèa apoj keush ja èqoume mia nèa eikìna, poio-
tik� upodeèsterh apì tic prohgoÔmenec. K�ti tètoio bèbaia den
eÐnai kai tìso apojarruntikì gia th qr sh arqeÐwn “.jpg”. Su-
n jwc oi ufèc dhmiourgoÔntai mÐa for� kai met� apl¸c up�rqoun
<<xeqasmènec >> ekeÐ pou apojhkeÔthkan.

TÐ gÐnetai ìmwc an jèloume na montelopoi soume ulik� ìpwc
to gualÐ, ulik� dhlad  ta opoÐa eÐnai diafan  kai sou epitrèpoun
na koit�xeic mèsa apì aut�; H uf  pou ja qrhsimopoi soume se

aut  thn perÐptwsh prèpei na èqei kat�lhxh “png” (Portable Network Graphics)! Se
sqèsh me ta prohgoÔmena arqeÐa (“.jpg”) mìna aut� uposthrÐzoun diaf�neia (trans-
parency) kai epitrèpoun ton èlegqì thc mèsw thc rÔjmishc thc adiaf�neiac (opacity).

Tèloc ìson afor� thn an�lush twn eikìnwn pou ja qrhsimopoihjoÔn wc ufèc,

2Ta trÐa shmantikìtera pou sunant�me kat� kìron sta grafik�. Up�rqoun kai �lla, ìpwc ta
“.bmp”, pou kalì eÐnai na ta qrhsimopoioÔme mìno ìtan den èqoume �llh epilog .

3Ta arqeÐa grafik¸n (eikìnec, fwtografÐec) eÐnai dÔo tÔpwn: ta arqeÐa tÔpou <<yhfiokoukkÐdwn>>
(raster) kai ta <<dianusmatik�>> (vector). Gia eukolÐa ja qrhsimopoioÔme touc agglikoÔc ìrouc.

Raster arqeÐa eÐnai aut� sta opoÐa h eikìna sqhmatÐzetai apì �jroisma koukkÐdwn. K�je shmeÐo
thc eikìnac apoteleÐtai apì mia koukkÐda (pixel) pou kajorÐzei to qr¸ma   ton tìno tou gkri an
prìkeitai gia asprìmaurh.

Vector arqeÐa, eÐnai aut� sta opoÐa h eikìna sqhmatÐzetai apì �jroisma gewmetrik¸n sqhm�twn
(eujeÐec, kÔkloi, tìxa, kampÔlec kai p�qh aut¸n).

Raster arqeÐa eÐnai ta “.jpg”, “.gif”, “.tif”, “.bmp”, “.pcx”, “.fpx” (FlashPix), “.pcd” (PhotoCD),
“.png”. Vector arqeÐa eÐnai ta “.cdr” (Corel Draw), “.dxf” (AutoCad), “.ps” kai “.eps” (postscript),
“.pdf” (Acrobat), “.tif”.
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den ja prèpei na xepern�ei ta 512x512 pixels. Kalì ja  tane na qrhsimopoioÔme
th mègisth, epitrept  an�lush mìno se eidikèc peript¸seic. Ufèc 256x256 pixels
ja  tane mia sof  epilog  ¸ste na exoikonom soume pìrouc mn mhc. MporoÔn na
qrhsimopoihjoÔn kai �lla megèjh ìpwc 32x32, 128x128, 128x256. Autì pou èqei
shmasÐa eÐnai oi diast�seic na eÐnai k�je for� dÔnamh tou dÔo gia na apofÔgoume
tuqìn asumbatìthtec me ta sust mata sqedÐashc twn kart¸n grafik¸n.

5.4 Ta ergaleÐa

Prin xekin sei h parousÐash thc dhmiourgÐac tou trisdi�statou qarakt ra, ja gÐnei
mÐa sÔntomh anafor� sta ergaleÐa pou bo jhsan sto èrgo autì. Prìkeitai gia lo-
gismik� me grafikì perib�llon ìpou epètreyan na sqediasteÐ to montèlo b ma-b ma,
na apokt sei kÐnhsh kai uf  kai na exaqjeÐ se tètoia morf  ¸ste na mporeÐ na to
diaqeiristeÐ h mhqan  paiqnidi¸n Torque.

To pr¸to ergaleÐo eÐnai autì me to opoÐo dhmiourg jhke to montèlo twn tri¸n
diast�sewn. S mera sthn agor� kuriarqeÐ h efarmog  “Autodesk 3ds Max”. Wstìso
to kìstoc apìkthshc tou progr�mmatoc eÐnai idiaÐtera uyhlì. H pio axiìlogh, diade-
domènh kai eleÔjerh, efarmog , akoÔei sto ìnoma Blender. Gia k�poion pou pr¸th
for� asqoleÐtai me ton tomèa thc sqedÐashc Ðswc eÐnai h pio kal  epilog . AutoÐ ìmwc
pou èqoun  dh doulèyei me k�poia emporik  efarmog  sÐgoura ja dusaresthjoÔn me
to grafikì perib�llon, miac kai den akoloujeÐ ta prìtupa twn teleutaÐwn.

Sthn paroÔsa ergasÐa qrhsimopoi jhke to ìqi tìso gnwstì “Milkshape 3D”
[19]. Prìkeitai gia èna prìgramma sqedÐashc trisdi�statwn montèlwn, me mikrì arijmì
polug¸nwn, to opoÐo dhmiourg jhke apì ton Mete Ciragan.

TÐ mac prosfèrei to en lìgw logismikì; Pr¸ta apì ìla èna polÔ filikì perib�llon
me ta pio shmantik� ergaleÐa pou sunant�me kai se emporikèc efarmogèc. Tèssera
xeqwrist� par�jura gia parakoloÔjhsh thc doulei�c mac apì diaforetikèc gwnÐec
(front, right, top, 3D views), eÔkolh dhmiourgÐa basik¸n sqhm�twn (sfaÐra, ge-
¸sfaira, parallhlepÐpedo, kÔlindroc), basikèc pr�xeic (gia par�deigma metakÐnhsh,
peristrof , klim�kwsh), <<skelet¸dh grafik�>> (blèpe <<KinoÔmena grafik� sqèdia>>,
enìthta 2.3.2) kai p�nw apì ebdom nta diaforetikèc morfèc arqeÐwn exagwg c.

Ektìc apì ta montèla, dhmiourg jhkan kai oi aparaÐthtec ufèc. Gia to skopì au-
tì qrei�sthke èna prìgramma epexergasÐac eikìnwn kai sugkekrimèna to “Paint Shop
Pro”.

Sq ma 5.3: <<Xe-
tulÐgontac >> ènan
kÔbo

To “Paint Shop Pro” thc etairÐac Jasc (t¸ra plèon thc Corel)
eÐnai èna prìgramma yhfiak c epexergasÐac eikìnac me to opoÐo
mporoÔme na diaqeiristoÔme fwtografÐec all� kai na dhmiourg -
soume dikèc mac eikìnec . 'Alla parìmoia progr�mmata pou ku-
kloforoÔn eÐnai : “Photoshop” (Ðswc to pio diadedomèno apì ìla)
, “Corel PhotoPaint” , “Ulead PhotoImpact”, “The GIMP”. To
“Paint Shop Pro” xeqwrÐzei wc proc th meg�lh eukolÐa ekm�jh-
s c tou all� kai sth dunatìthta na mporeÐ na diaqeirÐzetai kai
dianusmatik� grafik�.

Gia thn efarmog  twn uf¸n t¸ra, se èna montèlo tri¸n dia-
st�sewn, apaiteÐtai mÐa diadikasÐa thn opoÐa sta ellhnik� ja mpo-
roÔsame na thn onom�soume, me ton �komyo ìro, <<xetÔligma>> (UV
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Unwrapping). FantasteÐte èna q�rtino kÔbo tou opoÐou <<peir�zoume>> tic akmèc me tè-
toio trìpo ¸ste ìlec oi èdrec tou na <�plwjoÔn>> p�nw sthn epif�neia tou grafeÐou
mac. To telikì apotèlesma ja eÐnai san autì thc eikìnac 5.3.

K�ti parìmoio mac epitrèpei kai to eleÔjero prìgramma “LithUnwrap” [20]. Apì
th stigm  pou èqoume <<mÐa disdi�stath morf >> tou montèlou mporoÔme na kajorÐsoume
(mèsw tou progr�mmatoc autoÔ kai �llwn tètoiou tÔpou) poio tm ma thc uf c ja
emfanÐzetai sto k�je tm ma tou montèlou.

5.5 Dhmiourg¸ntac ènan qarakt ra

Parak�tw perigr�fetai h diadikasÐa dhmiourgÐac enìc apì touc qarakt rec pou ja
emfanÐzontai sto paiqnÐdi. H Ðdia diadikasÐa mporeÐ na akoloujhjeÐ kai gia opoiod pote
montèlo tou paiqnidioÔ plhn twn kthrÐwn (ìpwc exhgeÐtai parak�tw).

5.5.1 MontelopoÐhsh

Se pr¸th f�sh qrhsimopoi jhke to “MilkShape 3D” gia th dhmiourgÐa tou plègmatoc
tou montèlou. Gia to basikì kormì twn qarakt rwn, gia ta �nw kai k�tw �kra, gia
to laimì kai gia to pÐsw tm ma tou kranÐou, efarmìsthke h teqnik  twn <<basik¸n
sqhm�twn>>. To qèri montelopoi jhke me <<kat� �xona exagwg >>, en¸ to prìswpo me
<<stadiak  dhmiourgÐa polug¸nwn>>. K�ti �llo pou prèpei epÐshc na shmeiwjeÐ eÐnai

Sq ma 5.4: MontelopoÐhsh qarakt ra me MilkShape 3D

ìti protim jhke <<suneq c, plegmatoeid c montelopoÐhsh>> (continuous-mesh model).
Dhlad  ìla ta epimèrouc tm mata pou apartÐzoun to montèlo (gia par�deigma st joc,
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p�nw �kra, laimìc) sundèontai metaxÔ touc kai den apoteloÔn epimèrouc tm mata ì-
pwc sumbaÐnei sthn <<kat� tm mata, plegmatoeid c montelopoÐhsh>> (segmented-mesh
model). SÔmfwna me thn teleutaÐa mporoÔme, gia par�deigma, na èqoume xeqwristì
plègma gia to st joc kai xeqwristì gia to aristerì, �nw �kroc kai na ta topoje-
t soume tìso kont� to èna sto �llo dÐnontac thn aÐsjhsh ìti sundèontai. Wstìso
sunÐstatai na apofeÔgetai h sugkekrimènh taktik  miac kai endèqetai na proklhjoÔn
sf�lmata kat� thn exagwg  tou montèlou all� kai kat� thn efarmog  uf¸n. Autì
sumbaÐnei giatÐ ta progr�mmata pou eÐnai upeÔjuna gia ta en lìgw jèmata mporeÐ na
anagnwrÐsoun wc èna kai ìqi wc dÔo ta shmeÐa pou brÐskontai polÔ kont� to èna sto
�llo. 'Etsi <<q�noume>> èna shmeÐo to opoÐo mporeÐ na katastrèyei th gewmetrÐa tou
montèlou.

5.5.2 DhmiourgÐa uf¸n

H dhmiourgÐa twn uf¸n gia ta montèla tou paiqnidioÔ apaiteÐ treic f�seic.

Sthn pr¸th qrhsimopoieÐtai to ergaleÐo “LithUnwrap” to opoÐo apotup¸nei ìlec
tic epif�neiec tou trisdi�statou montèlou se èna sqèdio dÔo diast�sewn. ProkÔptei
èna eÐdoc q�rth p�nw sto opoÐo <<zwgrafÐzoume>> tic ufèc.

Autì to teleutaÐo gÐnetai me progr�mmata epexergasÐac eikìnac ìpwc to “PaintShop
Pro”. Sthn paroÔsa ergasÐa ìla ta arqeÐa uf¸n eÐnai se mÐa apì tic epitreptèc gia
th mhqan  morfèc arqeÐwn: “.gif”, “.jpg” kai “.png”.

Sq ma 5.5: (a) DhmiourgÐa q�rth uf¸n - (b) SqedÐash uf c - (g) Efarmog  uf c

H teleutaÐa f�sh eÐnai aut  thc efarmog c thc uf c sto montèlo. GÐnetai p�li me
to ergaleÐo montelopoÐhshc.
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5.5.3 Prosj kh kÐnhshc (Animation)

'Ena statikì montèlo ìso realistikì kai an deÐqnei den ja parousi�zei kanèna endia-
fèron an den kineÐtai. Gia prosj kh kÐnhshc sta montèla, to pr¸to pou qrei�zetai
eÐnai na anaptuqjeÐ èna eÐdoc skeletoÔ.

'Opwc kai me to anjr¸pino s¸ma, o skeletìc gia ton qarakt ra mac eÐnai h ka-
taskeu  ekeÐnh pou <<krÔbetai>> pÐsw apì to dèrma (ìpou dèrma gia to montèlo eÐnai h
uf  pou sqedi�same sthn prohgoÔmenh enìthta).

Gia �llh mÐa for� ergazìmaste me thn efarmog  “MilkShape 3D”. ApaiteÐtai h dh-
miourgÐa kat�llhlwn kìmbwn sto plègma tou montèlou(nodes/joints). K�je kìmboc
mporeÐ na susqetisteÐ me k�poion �llon me sqèsh <<gonèa-paidioÔ>>. K�je kÐnhsh/peri-
strof  tou gonèa, ephre�zei plèon kai th jèsh tou paidioÔ!

Sto montèlo tou qarakt ra pou èqoume wc par�deigma, o pr¸toc kìmboc (sunh-
jÐzetai na èqei to ìnoma “Base”) pou dhmiourgoÔme eÐnai sth b�sh tou qarakt ra,
an�mesa sta pìdia. Apì ekeÐ kai pèra mporoÔme na dhmiourg soume ìsouc kìmbouc
krÐnoume aparaÐthto. Mia idiaÐtera apl  analogÐa eÐnai treic kìmboi gia ton kormì,
ènac me dÔo gia to kef�li kai dÔo me treic kìmboi gia k�je �kro tou qarakt ra.

'Otan plèon anaptuqjeÐ o skeletìc gia to montèlo akoloujeÐ h diadikasÐa a-
n�jeshc (rigging). EÐnai h diadikasÐa me thn opoÐa anajètoume stouc
kìmbouc tou skeletoÔ, tm mata tou plègmatoc tou montèlou. Plè-
on k�je kÐnhsh tou kìmbou ja ephre�zei kai th jèsh twn shmeÐwn pou sunjètoun to
sqetikì me ton kìmbo tm ma tou plègmatoc.

Tèloc autì pou apomènei eÐnai h dhmiourgÐa thc akoloujÐac twn karè. Gia na
mporèsei h mhqan  paiqnidi¸n “Torque” na <<d¸sei>> kÐnhsh se k�poio montèlo, gia na
èqoume dhlad  kinoÔmena grafik� sqèdia (animations), qrei�zetai ènac arijmìc apì
<<pìzec >> gia to skeletì (gia par�deigma trèximo, �lma apì st�sh, b mata proc ta
pÐsw). H mhqan  sth sunèqeia upologÐzei th jèsh tou plègmatoc tou montèlou apì
th jèsh kai thn peristrof  twn kìmbwn.

5.6 'Edafoc

Se k�poia paiqnÐdia h dr�sh lamb�nei q¸ro mèsa se kt ria kai se upìgeiouc diadrì-
mouc. Se �lla h skhn  eÐnai ènac exwterikìc q¸roc ìpwc mÐa koil�da. Ta perissìtera
ìmwc, ìpwc kai to dikì mac, sundu�zoun kai ta dÔo.

Sth deÔterh perÐptwsh prèpei na dhmiourg soume thn ontìthta gia to èdafoc
(terrain), ìpou eÐnai ènac sunduasmìc gewgrafik¸n dedomènwn (gia par�deigma lìfoi
kai koil�dec) kai qarakthristik¸n tou ed�fouc (�mmoc, grasÐdi). Gia ta gewgrafik�
dedomèna, sthn an�ptuxh paiqnidi¸n, qrhsimopoioÔme trisdi�stata montèla. H mèjodoc
twn uf¸n, sth sunèqeia, efarmìzetai me stìqo na d¸soume thn aÐsjhsh tou qwm�tinou
  ploÔsiou se qamhl  bl�sthsh ed�fouc.

Oi perissìterec mhqanèc paiqnidi¸n diajètoun dikì touc uposÔsthma (“Terrain
Manager”) to opoÐo eÐnai upeÔjuno gia th montelopoÐhsh tou ed�fouc. Sun jwc o
diaqeirist c ed�fouc sunodeÔetai me k�poia ergaleÐa ìpwc paragwg  tuqaÐac morfo-
logÐac, epexergasÐa uparqìntwn edaf¸n all� kai dunatìthta fìrtwshc eikìnwn. An
anatrèxoume se prohgoÔmeno kef�laio, sthn parousÐash pou ègine gia thn Torque, ja
katal�boume gia ti akrib¸c ergaleÐa mil�me (“Terrain Editor”, “Terrain Terraform
Editor”).
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Autì pou qrhsimopoi jhke sthn ergasÐa eÐnai to ergaleÐo gia fìrtwsh eikìnwn.
Prosèxte ìti proc to parìn endiaferìmaste mìno gewgrafik� gia to pwc ja dhmiour-
g soume to èdafoc tou paiqnidioÔ. Dhlad  jèloume na dhmiourg soume lìfouc, pe-
di�dec, far�ggia kai ìpoia �llh morfologÐa ja mporoÔsame na skeftoÔme! 'Ara poioc
o lìgoc na fort¸soume eikìnec   pio swst� ti eÐdouc eikìnec eÐnai autèc?

5.6.1 UyometrikoÐ q�rtec

H Torque loipìn èqei th dunatìthta na par�gei ed�fh me b�sh k�poion uyometrikì
q�rth (heightmaps). 'Enac tètoioc q�rthc perièqei plhroforÐec gia
ta uyìmetra miac gewgrafik c perioq c kai sun jwc apoteleÐtai
apì isoôyeÐc kampÔlec. Oi isoôyeÐc kampÔlec antiproswpeÔoun mia
seir� apì shmeÐa pou apèqoun exÐsou apì thn epif�neia thc j�las-
sac. Ac p�roume wc par�deigma thn parak�tw eikìna. Blèpoume ìti oi isoôyeÐc
kampÔlec prokÔptoun an <<kìyoume>> to bounì me k�jeta epÐpeda kai tic tomèc autèc
tic prob�loume sthn epif�neia tou qartioÔ mac. Oi isoôyeÐc kampÔlec eÐnai kleistèc
grammèc kai se k�poio shmeÐo touc èqoun èna noÔmero to opoÐo deÐqnei thn apìstash
apì th j�lassa.

Sq ma 5.6: (a) 'Ena bounì me pènte epÐpeda - (b) K�jeta epÐpeda sto bounì - (g)
Isoôy c kampÔlh - (d) Trìpoc parousÐashc uyometrikoÔ q�rth me apoqr¸seic tou
gkri

Pèra apì th qr sh isoôy¸n kampul¸n, ènac uyometrikìc q�rthc mporeÐ na apodo-
jeÐ kai me th bo jeia qrwmatik c klÐmakac. K�je uyìmetro, se aut n thn perÐptwsh,
antistoiqeÐ kai se diaforetikì qr¸ma. 'Otan den up�rqoun meg�lec fusikèc diaforèc
(meg�loc arijmìc diaforetik¸n uyomètrwn) o q�rthc qrwmatÐzetai me diaforetikèc
apoqr¸seic tou gkri, me ta pio fwtein� mèrh na dhl¸noun megalÔtero
Ôyoc shmeÐou se sqèsh me tic pio skoÔrec perioqèc. H teleutaÐa aut 
apeikìnish eÐnai pou endiafèrei em�c.

5.6.2 DhmiourgÐa edaf¸n me qr sh uyometrik¸n qart¸n

Sthn mhqan  paiqnidi¸n “Torque”, to èdafoc dhmiourgeÐtai apì ènan �peira epanalam-
banìmeno q�rth isoôy¸n. O q�rthc eis�getai wc mÐa 256x256 eikìna, tÔpou “.png”.
H eikìna mporeÐ na eÐnai <<pl rhc qr¸matoc >> (full-color, 24-bit)   kai mikrìterh. Gia
par�deigma an, ìpwc anafèrame kai prohgoumènwc, den èqoume meg�lec enallagèc u-
yomètrou, tìte mÐa eikìna se apoqr¸seic tou gkri (grey-scale, 8-bit) mporeÐ na mac
d¸sei 256 (=28) diaforetik� epÐpeda (elevations). Sto sq ma 5.27.d mporoÔme na
diakrÐnoume pènte epÐpeda, me diaforetikoÔc tìnouc gkri gia to k�je èna.

H mhqan  qrhsimopoieÐ aut n thn eikìna (ton uyometrikì q�rth) wc b�sh (home
tile) kai thn efarmìzei epanalambanìmena se ìlh thn epif�neia thc skhn c tou pai-
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qnidioÔ, me ènwsh-an�meixh twn akm¸n thc (edge-blended). Poio eÐnai to mègejoc thc
b�shc ìmwc se sqèsh me ton pragmatikì kìsmo; EÐpame ìti èqoume mia eikìna me 256
pixels se k�je pleur�. Gia eukolÐa ac fantastoÔme to èdafoc pou ja dhmiourg soume
wc èna epÐpedo plègma tetrag¸nwn. H mhqan  <<paÐrnei>> k�je pixel thc eikìnac kai
to antistoiqeÐ se k�poio tetr�gwno. San dedomèno, apì tic prodiagrafèc thc mhqa-
n c, gnwrÐzoume ìti to tetr�gwno autì èqei mègejoc 8 WUs (world units-mon�da pou
qrhsimopoieÐtai sthn Torque) an� akm . 'Ara ìtan <<skan�roume>> ìlh thn eikìna ja
èqoume èna sÔnolo 256 tètoiwn tetrag¸nwn an� pleur� plègmatoc kai sunep¸c 2048
(=256x8) WUs an� pleur�. Proseggististik� autì antistoiqeÐ se 2048 mètra an�
pleur�, gia th b�sh mac! Se k�je tetr�gwno plèon antistoiqeÐ kai èna Ôyoc.

Na tonisteÐ kai p�li ìti oi diast�seic autèc aforoÔn to mègejoc enìc tm matoc
tou ed�fouc kai ìqi to sÔnolo tou ed�fouc! An k�poioc jewreÐ ìti ta perÐpou dÔo
qiliìmetra an� pleur� den tou eÐnai arket�, wc b�sh, mporeÐ na all�xei thn par�metro
“squareSize”, h opoÐa dèqetai timèc apì dÔo èwc ex nta tèssera. Sthn ousÐa prìkeitai
gia ton arijmì pou kajorÐzei pìsa WUs antistoiqoÔn se k�je pixel. SunÐstatai na
paramènei sthn arqik  thc tim  okt¸. Wstìso pio endeiktikèc timèc, se perÐptwsh
allag c, eÐnai oi dun�meic tou dÔo (p.q. 2, 16, 32).

Katal�bame pwc h mhqan  qeirÐzetai touc uyometrikoÔc q�rtec, opìte èftase h
stigm  na doÔme pwc touc dhmiourgoÔme! Gia arq  qreiazìmaste dedomèna, dhlad  ta
Ôyh me b�sh ta opoÐa ja sqedi�soume to q�rth. An jèloume na montelopoi soume
pragmatik  perioq  tìte mporoÔme na apeujunjoÔme se k�poia gewlogik  uphresÐa.4

Sthn sugkekrimènh ergasÐa ta dedomèna eÐnai tuqaÐa.

5.6.3 SqedÐash uyometrikoÔ q�rth me prìgramma epexergasÐ-
ac eikìnac

Gia ènan aplì, uyometrikì q�rth mporoÔme na doulèyoume me èna prìgramma epexer-
gasÐac eikìnac ìpwc to “Paint Shop Pro”. Den prèpei na xeqn�me ìti h eikìna ja
èqei kat�lhxh “.png” kai diast�seic 256x256 pixels. Sth sunèqeia qrei�zetai na gÐ-
noun k�poioi prìqeiroi upologismoÐ gia na broÔme tic epitreptèc RGB timèc pou ja
qrhsimopoi soume sta ergaleÐa tou progr�mmatoc.

'Estw loipìn ìti èqoume apofasÐsei na par�goume eikìna me b�joc okt¸, dhla-
d  eikìna pou ja perièqei mìno apoqr¸seic tou gkri (greyscale-color depth=8 bit).
ApofasÐzoume kai gia to pl joc twn epipèdwn (sto sq ma 5.27.a diakrÐnoume pènte
epÐpeda) kai katal goume ston arijmì èxi. Se k�je epÐpedo t¸ra prèpei na d¸soume
kai apì mÐa apìqrwsh. Me b�joc okt¸ sunolik� èqoume 256 (=28) apoqr¸seic (se
apoqr¸seic tou gkri isqÔei R=G=B). To epÐpedo me to qamhlìtero Ôyoc ja èqei
qr¸ma maÔro. K�je epÐpedo ja diafèrei apì to �llo me b�sh th sqèsh:

πλήθος χρωμάτων / (σύνολο επιπέδων -1)

dhlad  kat� 51 (=256/5) RGB timèc. PaÐrnoume loipìn ton pÐnaka 5.1. Se autìn
èqoume antistoiq sei kai ta Ôyh tou k�je epipèdou me b�sh thn el�qisth kai mègisth
uyometrik  tim  pou jèloume na up�rqei sth sqedÐas  mac.

4Gia perioqèc thc Amerik c mporoÔme na anazht soume dedomèna mèsw thc epÐshmhc selÐdac thc
amerikanik c, gewlogik c uphresÐac (http://www.usgs.gov).
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EpÐpeda (elevations) Qr¸ma (r,g,b) 'Uyoc (mètra)

1 0, 0, 0 0

2 51, 51, 51 20

3 102, 102, 102 40

4 153, 153, 153 60

5 204, 204, 204 80

6 255, 255, 255 100

PÐnakac 5.1: PÐnakac Epipèdwn (Elevation Table)

Me qr sh k�poiou ergaleÐou sqedÐashc tou progr�mmatoc (gia par�deigma to “Pen
Tool” sto “Paint Shop Pro”) kai ta qr¸mata thc deÔterhc st lhc, sqedi�zoume u-
yometrikoÔc q�rtec ìpwc autìn sthn parak�tw eikìna. Kalì eÐnai na jol¸soume thn
telik  eikìna (blur) me k�poio fÐltro, ¸ste na mhn èqoume apìtomec enallagèc meta-
xÔ twn epipèdwn (gia to “Paint Shop Pro” up�rqei aut  h dunatìthta sthn kartèla
“Adjust”).

Sq ma 5.7: (a) Par�deigma uyometrikoÔ q�rth gia ta dedomèna tou pÐnaka 5.1 - (b) O
Ðdioc uyometrikìc q�rthc me prosj kh jorÔbou (jolwmènh eikìna)

5.6.4 SqedÐash uyometrikoÔ q�rth me thn efarmog  “Terrain-
Generator”

Progr�mmata ìpwc to “Paint Shop Pro” sunÐstantai gia aploÔc uyometrikoÔc q�rtec.
TÐ gÐnetai ìmwc an o proc dhmiourgÐa uyometrikìc q�rthc perilamb�nei meg�lo arij-
mì anex�rthtwn lìfwn kai m�lista kajènac apì autoÔc èqei dèka, dekatrÐa   eÐkosi
epÐpeda; AnaptÔqjhke loipìn mÐa apl  efarmog  h opoÐa automatopoieÐ th diadika-
sÐa paragwg c uyometrik¸n eikìnwn. Prìkeitai gia to “TerrainGenerator”, èna
prìgramma ulopoihmèno me th bo jeia tou pakètou “Matlab” thc “The MathWork-
s” (http://www.mathworks.com/). Gia perissìtera sqetik� me to “Matlab” all�
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kai ton k¸dika thc efarmog c mporeÐte na anatrèxete sto par�rthma. H paroÔsa
upo-enìthta eÐnai afierwmènh sth leitourgeÐa tou “TerrainGenerator”.

H basik  idèa p�nw sthn opoÐa sthrÐqjhke h efarmog  “TerrainGenerator” eÐnai
ìti xekin�me me mia epÐpedh perioq  kai <<futeÔoume>> lìfouc se di�forec jèseic. K�je
lìfoc èqei èna shmeÐo ekkÐnhshc kai kalÔptei mia epif�neia kaj¸c ekteÐnetai proc ta
anatolik� kai proc bìreia apì to shmeÐo. Programmatistik� qrhsimopoi jhke ènac
32x32 pÐnakac pou paÐzei to rìlo tou kamb� gia thn efarmog . JumhjeÐte ìti oi
uyometrikoÐ q�rtec eÐnai diast�sewn 256x256 pixels. 'Ara k�je kuyèlh (tetr�gwno)
tou 32x32 pÐnaka antistoiqeÐ se 8 pixels ston telikì uyometrikì q�rth. Kai ti perièqei
k�je kuyèlh; MÐa tim  Ôyouc gia ta sugkekrimèna pixels!

Sq ma 5.8: Prìqeiro sqèdio me tic jèseic kai ta Ôyh twn lìfwn (gkri perioqèc)

Gia par�deigma, to sq ma 5.29 eÐnai èna prìqeiro sqedi�gramma gia to pwc prèpei
na eÐnai h b�sh tou ed�fouc tou paiqnidioÔ.5 Sthrizìmenoi se autì ja par�goume ton
uyometrikì q�rth me to “TerrainGenerator”.

Oi dekaèxi (16) arijmhmènec, gkri, perioqèc anaparistoÔn tic jèseic gia touc an-
tÐstoiqouc dekaèxi lìfouc. Anagr�fetai epÐshc to mègisto Ôyoc gia ton kajèna. An
parathr soume proseqtik� to sq ma ja doÔme èna plègma 32x32 tetrag¸nwn. Mac
bohj�ei na entopÐzoume th jèsh k�je ontìthtac sto q¸ro. GiatÐ ìmwc 32x32; Ma fu-
sik� gia na sumpÐptei me ton 32x32 pÐnaka tou “TerrainGenerator”. Ac p�roume thn
arijmhmènh perioq  dèka (#10) kai ac dokim�soume na doÔme pou brÐsketai to k�tw
aristerì �kro thc (portokalÐ kÔkloc sto sq ma). Orizìntia brÐsketai sto dwdèkato
tetr�gwno kai katakìrufa sto endèkato (xekin�me kai metr�me me afethrÐa to pr¸to,
k�tw, arister� tetr�gwno tou plègmatoc - to èntona maÔro sto sq ma). Kai pìso
q¸ro kalÔptei; Proc ta dexi� (  anatolik�) ènteka tetr�gwna kai proc ta p�nw ( 
bìreia) okt¸. AkoloujoÔme thn Ðdia diadikasÐa gia ìlec tic gkri perioqèc kai èqoume
ton parak�tw pÐnaka:

5Me ton ìro b�sh, ìpwc exhg same nwrÐtera, anaferìmaste ston 2048x2048, se tetragwnik�
mètra, q¸ro pou ja epanalamb�netai apì thn mhqan  kai ja dÐnei thn aÐsjhsh enìc qwrÐc ìria
ed�fouc.
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#Lìfoc Arqikì sh-
meÐo x

Arqikì sh-
meÐo y

Anatolikì
ìrio

Bìreio ìrio Mègisto Ô-
yoc (mètra)

1 1 1 5 9 60
2 3 10 7 9 60
3 2 21 6 10 108
4 9 27 7 6 60
5 17 28 4 5 48
6 22 25 5 5 36
7 27 30 5 3 72
8 8 1 11 5 48
9 11 7 11 3 24
10 12 11 11 8 36
11 9 20 5 4 96
12 16 22 5 2 24
13 22 20 6 2 24
14 29 19 3 2 48
15 26 11 6 3 60
16 24 1 9 9 36

PÐnakac 5.2: Jèsh lìfwn gia to sq ma 5.29 metr¸ntac se tetr�gwna (wc ter�gwno
arq c jewroÔme to pr¸to, k�tw, arister� tetr�gwno tou plègmatoc)

Aut� eÐnai ta dedomèna me ta opoÐa to prìgramma par�gei ton uyometrikì q�rth.
Arqik�, ìtan ekkin soume thn efarmog , mac zhteÐtai to pl joc twn lìfwn (Hills#)
pou jèloume na par�goume kai to pl joc twn epipèdwn (Elevations#). O arijmìc twn
epipèdwn ja eÐnai Ðdioc gia ìlec tic ontìthtec. Sth sunèqeia eis�goume tic timèc tou
pÐnaka 5.2 sth fìrma pou emfanÐzetai. K�je gramm  dèqetai dedomèna gia èna lìfo,
me thn Ðdia akrib¸c seir� pou brÐskontai kai ston pÐnaka. To epìmeno b ma eÐnai na
entopisteÐ h jèsh tou k�je lìfou ston 32x32 pÐnaka tou “TerrainGenerator”, pou
èstw ìti ton onom�zoume Z. Empeirik� o en lìgw pÐnakac eÐnai to plègma pou up�rqei
sto sq ma 5.29. Gia par�deigma h kataq¸rhsh sth dwdèkath gramm  kai sthn endè-
kath st lh tou Z antapokrÐnetai sthn kuklwmènh perioq  tou sqediagr�mmatoc 5.29.
Me b�sh to mègisto Ôyoc kai ton arijmì epipèdwn, kaj¸c suneqÐzetai h diadikasÐa,
dhmiourgeÐtai ènac pÐnakac epipèdwn me to qarakthristikì:

διαφορά ύψους μεταξύ επιπέδων=μέγιστο ύψος / (αριθμό επιπέδων-1)

'Etsi an èqoume d¸sei wc mègisto Ôyoc ta 10 mètra kai arijmì epipèdwn 6 tìte:
Apì th sqèsh faÐnetai ìti to prìgramma ja leitourg sei bèltista an ta mègista

Ôyh eÐnai akèraia pollapl�sia tou arijmoÔ epipèdwn, afoÔ pr¸ta èqei meiwjeÐ kat�
èna. H mÐa aut  tim  pou afairèjhke, antistoiqeÐ se epÐpedo me Ôyoc mhdèn. Exarq c
to prìgramma arqikopoieÐ to q�rth me to mhdenikì epÐpedo �ra den logari�zetai stouc
upologismoÔc.

To “TerrainGenerator” t¸ra, se k�je kuyèlh tou lìfou pou epexerg�zetai, kata-
qwreÐ mÐa tuqaÐa epilegmènh, apì ton pÐnaka epipèdwn, tim  Ôyouc. 'Otan plèon èqoun
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Επίπεδο # 'Uyoc (m)
1 0
2 2
3 4
4 6
5 8
6 10

PÐnakac 5.3: PÐnakac epipèdwn gia 6 epÐpeda me mègisto Ôyoc sta 10 mètra

gÐnei ìlec oi kataqwr seic, pat�me “Generate” sth diepaf  kai emfanÐzetai sthn o-
jình o uyometrikìc q�rthc. 'Eqoume th dunatìthta na all�xoume ta dedomèna twn
lìfwn (ìqi ìmwc kai to pl joc twn lìfwn   twn epipèdwn)   apl¸c na pat soume
“Generate” kai p�li. Sthn teleutaÐa aut  perÐptwsh prokÔptei mia kainoÔrgia eikìna
miac kai ìpwc anafèrame oi timèc, stic kuyèlec, kataqwroÔntai tuqaÐa.

An eÐmaste ikanopoihmènoi me to apotèlesma tìte me to koumpÐ “Print” (pou brÐske-
tai p�nw dexi� sto gr�fhma pou èqei emfanisteÐ) apojhkeÔoume sto dÐsko ton q�rth.
O uyometrikìc q�rthc ja swjeÐ wc eikìna tÔpou “.png”, diast�sewn 256x256, afoÔ
pr¸ta èqei jolwjeÐ (blurred) ¸ste na èqoun omalopoihjeÐ oi enallagèc apì to èna
epÐpedo sto �llo.

Gia na qrhsimopoi sei kaneÐc to ergaleÐo “TerrainGenerator” qrei�zetai na <<trè-
xei>>, mèsa apì to perib�llon tou “Matlab” to “terrainGeneratorMain.m” arqeÐo. An
den diajètei to sugkekrimèno majhmatikì pakèto, to “TerrainGenerator” up�rqei kai
san autìnomo, ektelèsimo arqeÐo (“terrainGeneratorMain.exe”). Sthn teleutaÐa au-
t  perÐptwsh to grafikì perib�llon ja parousi�zei k�poiec mikrèc diaforèc se sqèsh
me tic eikìnec pou parousi�zontai parak�tw.
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Sq ma 5.9: (a) To grafikì perib�llon tou TerrainGenerator - (b) O kamb�c tou
TerrainGenerator emfanÐzei ton uyometrikì q�rth gia ta dedomèna tou pÐnaka 5.2 kai
gia 13 epÐpeda - (g) H 256x256 “.png” eikìna pou s¸zoume sto dÐsko

5.6.5 Paragwg  twn “.ter” arqeÐwn

To ìnoma pou epilèqjhke sthn efarmog  (“TerrainGenerator”) eÐnai lÐgo atuqèc. Me
th bo jei� tou par�goume uyometrikoÔc q�rtec, dhlad  arqeÐa grafik¸n me kat�lhxh
“.png”. To arqeÐo ed�fouc (terrain file), ìpou èdafoc eÐnai o trisdi�statoc q¸roc
p�nw ston opoÐo kinoÔntai ta trisdi�stata montèla tou paiqnidioÔ, èqei kat�lhxh
“.ter”.

Gia na metatrèyoume ton uyometrikì q�rth se tètoia morf  arqeÐou qrhsimopoioÔ-
me to ergaleÐo “Terrain Terraform Editor”, pou èrqetai mazÐ me th mhqan  “Torque”.
H pr¸th epilog  (p�nw kai dexÐa sto grafikì perib�llon tou ergaleÐou) anagr�fei
“Min Terrain Height”. Prosoq  giatÐ Ðswc autì na xegel�ei! Prìkeitai gia th jèsh
ìpou eis�goume to mègisto Ôyoc pou ja èqei to èdafìc mac. SÔmfwna me ton pÐnaka
5.2 prèpei na d¸soume ton arijmì ekatì okt¸ (108). Amèswc met� èqoume to eÔroc
Ôyouc (“Height Range”) ìpou eÐnai h diafor� metaxÔ tou el�qistou kai mègistou Ô-
youc tou ed�fouc. To el�qisto Ôyoc, gia ta dedomèna pou qrhsimopoioÔme, eÐnai to
mhdèn ìpote p�li eis�goume wc tim  ton arijmì ekatì okt¸ (108). To epìmeno b ma
eÐnai to <<fìrtwma>> tou uyometrikoÔ q�rth. Pat¸ntac to koumpÐ “Operation” kai epi-
lègontac “Bitmap”, dialègoume ton q�rth apì th jèsh ìpou ton èqoume apojhkeÔsei.
Ja emfanisteÐ sto mikrìtero par�juro k�tw kai arister� sto ergaleÐo. Me mia pr¸-
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th mati� moi�zei diaforetikìc. Autì sumbaÐnei giatÐ to “Terrain Terraform Editor”
qrhsimopoieÐ ègqrwmh klÐmaka anapar�stashc kai ìqi maurìasprh. 'Etsi oi epÐpedec
perioqèc anaparÐstantai me leukì qr¸ma kai oi lìfoi me diakum�nseic tou pr�sinou.

Apì to basikì t¸ra menoÔ epilègoume File -> Save Mission As... kai s¸zoume
thn apostol  me èna monadikì ìnoma. Par�getai loipìn to “.ter” arqeÐo all� kai
èna arqeÐo me kat�lhxh “.mis”. To teleutaÐo perièqei sth gl¸ssa senarÐwn thc
“Torque” (Torque script language) plhroforÐec gia thn ìlh skhn  tou paiqnidioÔ
(gia par�deigma èntash  liou, jèsh ouranoÔ, jèseic antikeimènwn sth skhn ). Proc
to parìn den ja asqolhjoÔme me autì miac kai ja to analÔsoume all� kai ja to
tropopoi soume sthn poreÐa thc ergasÐac.

5.6.6 Efarmog  uf¸n (textures) gia to èdafoc

'Opwc kai sthn perÐptwsh montelopoÐhshc tou qarakt ra, qrhsimopoioÔme ufèc gia
na <<ntÔsoume>> to èdafoc. Gia to pwc dhmiourgoÔme ta grafik� arqeÐa uf¸n den
qrei�zetai na anaferjeÐ k�ti parap�nw. Shmei¸netai wstìso ìti prèpei na eÐnai eikìnec
diast�sewn 256x256.

Sq ma 5.10: Oi ufèc gia to èdafoc. H teleutaÐa (e) qrhsimopoieÐtai wc uf  leptomè-
reiac

Me to ergaleÐo “Terrain Texture Painter” mac dÐnetai h dunatìthta na doulèyoume
me èwc kai èxi arqeÐa uf¸n. To pr¸to apì aut� efarmìzetai se ìlo to èdafoc kai
ta upìloipa se perioqèc pou emeÐc jèloume, epikalÔptontac thn arqik  uf . Kai p�li
ergazìmaste mìno p�nw sth b�sh, dhlad  sthn epif�neia h opoÐa epanalamb�netai
dÐnontac thn aÐsjhsh tou qwrÐc ìria ed�fouc. Gia na eÐmaste sÐgouroi ìti epexergazì-
maste th swst  epif�neia up�rqei to ergaleÐo “Mission Area Editor” pou kajorÐzei
ta ìria thc en lìgw perioq c.

To teleutaÐo pou axÐzei na shmeiwjeÐ gia tic ufèc eÐnai h qr sh mÐac kai mìno ei-
kìnac wc <Íf c leptomèreiac >> (detail texture). Apì apìstash to apotèlesma, met�
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thn efarmog  uf¸n, mporeÐ na eÐnai arket� ikanopoihtikì ìqi ìmwc kai apì kont�.
ParathreÐste ta parak�tw stigmiìtupa ìpou sto deÔtero gÐnetai qr sh thc uf c le-
ptomèreiac.

Sq ma 5.11: Efarmog  uf c leptomèreiac (a) QwrÐc - (b) Me

5.7 'Hlioc

To antikeÐmeno pou anaparist� ton  lio den ja eÐnai oratì sth skhn  tou paiqnidioÔ.
Skopìc tou eÐnai na kajorÐsei ton trìpo pou fwtÐzontai ta antikeÐmena pou apartÐzoun
to perib�llon thc efarmog c. Mèsw tou “World Editor”   programmatistik� (bl.
arqeÐo “/control/data/missions/mission1.mis”) mporeÐ na kajoristeÐ h jèsh
tou antikeimènou pou anaparist� ton  lio, h kl sh tou wc proc k�je �xona kai h
klÐmaka tou kaj¸c kai to qr¸ma, h èntash kai h kateÔjunsh tou fwtìc pou ekpèmpei.

SÔmfwna me th jèsh tou  liou dhmiourgoÔntai oi skièc twn antikeimènwn. EpÐshc
oi pleurèc twn antikeimènwn pou den brÐskontai proc thn pleur� tou  liou eÐnai pio
skourìqrwmec. To qr¸ma kai h èntash tou fwtìc pou ephre�zei ta antikeÐmena kai
dhmiourgeÐ tic skièc touc kajorÐzetai apì thn tim  thc paramètrou “color”. H tim 
thc paramètrou “ambient” kajorÐzei to qr¸ma kai thn èntash tou fwtìc pou up�rqei
di�quto sto perib�llon thc efarmog c.

Listing 5.1: Tm ma tou k¸dika apì to arqeÐo thc apostol c

//==================================
// ./control/data/missions/mission1.mis
//
// The mission
//==================================
...
...
new Sun() {

canSaveDynamicFields = "1";
azimuth = "0";
elevation = "35";
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color = "0.535 0.535 0.535 1";
ambient = "0.295 0.295 0.295 1";
CastsShadows = "1";
rotation = "1 0 0 0";
scale = "1 1 1";
locked = "true";
direction = "0.57735 0.57735 -0.57735";
position = "0 0 0";

};

new TerrainBlock(Terrain) {
...
...
};

new Sky(Sky) {
canSaveDynamicFields = "1";
position = " -1088 -928 0";
rotation = "1 0 0 0";
scale = "1 1 1";
materialList = "~/data/skies/sky_day.dml";
cloudHeightPer [0] = "0.349971";
cloudHeightPer [1] = "0.25";
cloudHeightPer [2] = "0.199973";
cloudSpeed1 = "0.0005";
cloudSpeed2 = "0.0002";
cloudSpeed3 = "0.0003";
visibleDistance = "800";
fogDistance = "700";
fogColor = "0.82 0.828 0.844 1";
fogStorm1 = "0";
fogStorm2 = "0";
fogStorm3 = "0";
fogVolume1 = "500 0 100";
fogVolume2 = "0 0 0";
fogVolume3 = "0 0 0";
fogVolumeColor1 = "128 128 128 -2.22768e+038";
fogVolumeColor2 = "128 128 128 0";
fogVolumeColor3 = "128 128 128 -1.70699e+038";
windVelocity = "0.0 1.25 0";
windEffectPrecipitation = "1";
SkySolidColor = "0.547 0.641 0.789 0";
useSkyTextures = "1";
renderBottomTexture = "0";
noRenderBans = "0";
locked = "true";

};
...
...
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5.8 Ouranìc

Prìkeitai gia èna parallhlepÐpedo meg�lwn diast�sewn me diaforetikèc ufèc na kalÔptoun
tic èxi èdrec tou. Oi èdrec diathroÔn p�nta stajer  apìstash apì ton episkèpth
kai epomènwc o episkèpthc den mporeÐ potè na ft�sei ta ìria tou parallhlepipèdou.
Me autìn ton trìpo dhmiourgeÐtai h yeudaÐsjhsh ìti o ouranìc brÐsketai se �peirh
apìstash. H jèsh tou, h kl sh tou wc proc k�je �xona kai h klÐmaka tou kajorÐzontai
apì tic timèc twn paramètrwn “position”, “rotation” kai “scale” antÐstoiqa. To arqeÐo
“./control/data/skies/sky day.dml” pou apoteleÐ tim  thc paramètrou “materialList”
perièqei ta onìmata twn eikìnwn pou ja kalÔyoun k�je èdra tou parallhlepipèdou
kai twn eikìnwn pou ja qrhsimopoihjoÔn gia thn parousÐash twn sÔnnefwn. H uf 
thc k�tw pleur�c tou parallhlepipèdou den eÐnai orat , ìpwc upodhl¸nei h tim  mhdèn
(0) thc paramètrou “renderBottomTexture”. Up�rqei dunatìthta o ouranìc na mhn
parousiasteÐ sÔmfwna me to montèlo tou parallhlepipèdou, an h tim  thc metablht c
“useSkyTextures” metatrapeÐ apì 1 se 0. Sthn perÐptwsh aut  o ouranìc kalÔptetai
apì to qr¸ma pou orÐzei h par�metroc “SkySolidColor”.

KajorÐzontai trÐa epÐpeda sÔnnefwn se Ôyh pou orÐzontai apì tic timèc twn pa-
ramètrwn “cloudHeightPer[0]”, “cloudHeightPer[1]” kai “cloudHeightPer[2]”. SÔmfwna
me thn parat rhsh ìti h taqÔthta twn sÔnnefwn aux�netai sta yhlìtera str¸mata thc
atmìsfairac, orÐzontai diaforetikèc taqÔthtec se k�je str¸ma (par�metroi “cloud-
Speed1”, “cloudSpeed2”, “cloudSpeed3”).

H omÐqlh mporeÐ kai aut  na ulopoihjeÐ se epÐpeda diaforetik c puknìthtac. Ston
eikonikì kìsmo thc efarmog c qrhsimopoieÐtai to èna mìno apì ta diajèsima epÐpeda.
H èktash tou q¸rou pou ja katalamb�nei h omÐqlh kajorÐzetai apì thn tim  thc
paramètrou “fogVolume1”, en¸ to qr¸ma thc apì thn tim  thc paramètrou “fogVol-
umeColor1”. Ektìc apì ta epÐpeda aut� up�rqei kai h omÐqlh pou emfanÐzetai p�nta
se sugkekrimènh apìstash apì ton episkèpth kai kajist� mh orat� ta antikeÐmena pou
brÐskontai se megalÔterec apost�seic. H apìstash aut  kajorÐzetai apì thn tim  thc
“fogDistance” kai to qr¸ma thc apì thn par�metro “fogColor”.

Oi par�metroi “windVelocity” kai “windEffectPrecipitation” kajorÐzoun ta qa-
rakthristik� tou anèmou kai brÐskoun efarmog  se perÐptwsh eisagwg c fainomènwn
kataigÐdac ston eikonikì kìsmo.

'Ola aut� faÐnontai sto tm ma k¸dika pou parajèsame parap�nw. Genik� sto
arqeÐo “./control/data/missions/mission1.mis” perigr�fetai h apostol  tou
paiqnidioÔ. 'Olec oi ontìthtec pou sunjètoun th skhn  (èdafoc, ouranìc, dèntra,
kt ria ktl) dhl¸nontai mèsa se autì to arqeÐo. Me b�sh autì h mhqan  (sthn pleur�
tou exuphretht ) dhmiourgeÐ ton eikonikì kìsmo tou paiqnidioÔ.

5.9 Kt ria

Me to prìgramma sqedÐashc “MilkShape 3D” dhmiourg jhkan oi perissìterec on-
tìthtec tou paiqnidioÔ (dèndra, br�qouc, oq mata). Prosoq  dìjhke kurÐwc sth
dhmiourgÐa tou <<plègmatoc sugkroÔsewn>> (collision mesh). QwrÐc autì ja
briskìmastan sth dus�resth jèsh na mhn allhlepidroÔme me ta antikeÐmena thc skh-
n c. O qarakt rac ja mporoÔse na pern�ei kai mèsa apì aut�!

To <<plègma sugkroÔsewn>> den qrei�sthke kat� th montelopoÐhsh tou qarakt ra,
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miac kai h mhqan  frontÐzei gia autì se antikeÐmena thc kl�shc “Player”. Gia tic
upìloipec ìmwc ontìthtec, sth f�sh exagwg c tou montèlou dÐnetai h dunatìthta
na orÐsoume to <<plègma sugkroÔsewn>>. MporoÔme ìmwc na to orÐsoume kai kat� th
sqedÐash. Gia par�deigma me to “MilkShape 3D” sqedi�zoume to koutÐ tou sq matoc
5.4. Jèloume t¸ra ènan nèo kÔbo, opìte apì ta ergaleÐa epilègoume “Box”. Autìc
o nèoc kÔboc dhmiourgeÐtai ètsi ¸ste sto eswterikì tou na brejeÐ to montèlo tou
koutioÔ. AparaÐthta prèpei na ton metonom�soume wc “collision-1”. To
�-1� eÐnai to <ápÐpedo leptomèreiac >> (Level Of Detail - LOD) kai sthn ousÐa
ja k�nei aìrato to plègma ston paÐkth. To plègma ìmwc ja brÐsketai ekeÐ kai o  rwac
mac ja antilamb�netai th sÔgkroush me to kib¸tio!

Me ton Ðdio trìpo ja mporoÔsan na montelopoihjoÔn kai ontìthtec ìpwc ta kt -
ria. Wstìso aut� èqoun pollèc epif�neiec kai p�nw se k�poiec apì autèc mporeÐ na
kinhjeÐ o paÐkthc. Qrei�zetai loipìn epiplèon prosoq  sth dhmiourgÐa tou <<plègmatoc
sugkroÔsewn>>, k�ti pou gÐnetai kai qronobìro an to kt rio èqei pollèc leptomèreiec.

Ektìc autoÔ, ta montèla “.dts” (me to “MilkShape 3D” ex�goume se aut  th
morf ) den <�ntilamb�nontai>> tic ènnoiec tou fwtismoÔ kai twn ski¸n. An jèloume
na fwtÐsoume k�poio “DTS antikeÐmeno>> ja prèpei na gÐnei me dhmiourgÐa xeqwrist¸n
ontot twn.

H lÔsh sta parap�nw èrqetai me thn upost rixh antikeimènwn tÔpou “.dif”. 'Olec
oi ontìthtec mèsa stic opoÐec ja mporeÐ na brejeÐ o qarakt rac ja prèpei na eÐnai se
aut  th morf .

Sq ma 5.12: To perib�llon ergasÐac tou QuArK

Up�rqoun poll� progr�mmata pou ex�goun montèla me kat�lhxh “.dif”. Sthn pa-
roÔsa ergasÐa qrhsimopoi jhke to “QuArK”. To “QuArK” parèqei mÐa plhj¸ra
ergaleÐwn sqediasmoÔ kai pollapl� par�jura gia thn tautìqronh episkìphsh dia-
foretik¸n ìyewn thc sqediazìmenhc dom c. EpÐshc perièqei to ergaleÐo “material

PoluteqneÐo Kr thc
Tm ma Hlektronik¸n Mhqanik¸n & Mhqanik¸n Upologist¸n



72 Enìthta 5.10

browser” to opoÐo epitrèpei thn epilog  uf c gia k�je èdra thc dom c pou sqedi�ze-
tai. Epiplèon to prìgramma epitrèpei thn prosj kh antikeimènwn tÔpou “light entity”
pou antistoiqoÔn se fwteinèc phgèc me dunatìthta rÔjmishc thc èntas c touc. Oi do-
mèc pou sqedi�zontai apojhkeÔontai se arqeÐa tÔpou “.map”, ta opoÐa sth sunèqeia
ex�gontai (exporter “map2dif”) kai metatrèpontai sta arqeÐa tÔpou “.dif”.

5.10 SunoyÐzontac

Sto kef�laio pou mìlic oloklhr¸jhke parousi�sthkan ta trÐa basik� st�dia dhmiour-
gÐac enìc trisdi�statou antikeimènou:

• sqedÐash tou plègmatoc tou montèlou,

• dhmiourgÐa uf¸n kai

• dhmiourgÐa kinoÔmenwn grafik¸n.

Autì pou telik� dhmiourg jhke eÐnai ènac trisdi�statoc qarakt rac gia to paiqnÐdi.
Sth sunèqeia ègine anafor� stic ontìthtec tou ed�fouc, tou ouranoÔ, tou  liou kai
twn kthrÐwn, pou sunjètoun th skhn  tou paiqnidioÔ. AxÐzei na krat soume, sqetik�
me ta teleutaÐa, ìti gia th dhmiourgÐa tou ed�fouc tou paiqnidioÔ apaiteÐtai ènac
q�rthc isoôy¸n. H mhqan  me b�sh autìn par�gei èna fainomenik� qwrÐc ìria èdafoc.
H dhmiourgÐa aut¸n twn uyometrik¸n qart¸n eÐnai plèon eÔkolh diadikasÐa mèsw thc
efarmog c “TerrainGenerator” pou anaptÔqjhke.
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Kef�laio 6

UlopoÐhsh tou paiqnidioÔ

To parìn kef�laio asqoleÐtai me ton k¸dika thc efarmog c mac. KurÐwc analÔontai
jèmata pou aforoÔn th diktÔwsh, tic grafikèc diasundèseic tou qr sth (GUIs), thn
teqnik  nohmosÔnh. Ja gÐnei anafor� se ènnoiec ìpwc <<sÔsthma apoj keushc >> (in-
ventory system), <<swmatidiak� teqn�smata entupwsiasmoÔ>> kai <ákpompoÐ>> (particles,
emitters), mhqanèc katast�sewn (FSM).

6.1 Jèmata diktÔwshc

Gia �llh mÐa for� na shmeiwjeÐ ìti h efarmog  sthrÐzetai sthn arqitektonik  pel�th
- exuphretht . O pel�thc eÐnai upeÔjunoc mìno gia th diasÔndesh tou paÐkth me to
paiqnÐdi kai ìla ta upìloipa sumbaÐnoun sthn pleur� tou exuphretht .

H pr¸th enèrgeia tou exuphretht  eÐnai h dhmiourgÐa thc skhn c me b�sh to arqeÐo
thc apostol c. Se autì brÐskontai oi plhroforÐec pou kajorÐzoun ta antikeÐmena kai
th jèsh touc mèsa sth skhn . Otid pote emfanÐzetai mèsa ston eikonikì kìsmo dhl¸-
netai se autì to arqeÐo: antikeÐmena ta opoÐa ja mporeÐ na sullèxei o paÐkthc (items),
paÐktec elegqìmenoi apì ton upologist  (bots), shmeÐa eisìdou (spawn points), trig-
gers, ontìthtec tou fusikoÔ perib�llontoc ìpwc eÐdame se prohgoÔmeno kef�laio
ktl.

'Ola aut� ta antikeÐmena dhmiourgoÔntai sthn pleur� tou exuphretht  kai sth su-
nèqeia metafèrontai/antigr�fontai ston pel�th. 'Eqei epikrat sei aut� ta antikeÐmena
ston pel�th na apokaloÔntai “ghosts”.

6.1.1 DhmiourgÐa tou exuphretht 

To paiqnÐdi eÐnai enìc kai mìno paÐkth (single-player). 'Etsi o exuphretht c dhmiour-
geÐtai ìtan o qr sthc pat sei “Play” sto basikì menoÔ.

KaleÐtai h sun�rthsh createServer() me orÐsmata to eÐdoc tou exuphretht  kai to
ìnoma thc apostol c pou prèpei na fortwjeÐ. Sto pr¸to autì st�dio dhmiourgÐac den
k�noume tÐpota parap�nw apì to na fort¸soume sth mn mh ta tm mata k¸dika pou
brÐskontai mèsa stouc upofakèlouc tou “./control/server/”. Kat� kÔrio lìgo prì-
keitai gia ton orismì twn idiot twn (datablocks) kai twn sunart sewn twn ontot twn
tou paiqnidioÔ.
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AkoloujeÐ h deÔterh f�sh dhmiourgÐac tou exuphretht . Sto tèloc aut c, to
paiqnÐdi ja èqei fortwjeÐ ston exuphretht  kai ja eÐnai ètoimo na <<katèbei>> ston
pel�th pou ja sundejeÐ mazÐ tou. Oi shmantikìterec enèrgeiec ed¸ eÐnai:

• dhmiourgÐa tou keimènou pou perigr�fei thn apostol  (buildLoadInfo()). Oi
aparaÐthtec plhroforÐec sullègontai apì to antikeÐmeno “MissionInfo” pou è-
qei dhmiourghjeÐ mèsa sto arqeÐo thc apostol c (./control/data/missions/mis-
sion1.mis),

• upologismìc tou Cyclic Redundancy Check. To CRC eÐnai gnwstì a-
pì ta dÐktua upologist¸n, ìpou qrhsimopoieÐtai san trìpoc anÐqneushc laj¸n
sta pakèta pou diakinoÔntai sto dÐktuo. To CRC enìc pakètou pou metadÐde-
tai upologÐzetai apì ton apostolèa kai prostÐjetai sto pakèto. O apodèkthc
epana-upologÐzei to CRC sto pakèto pou p re kai to sugkrÐnei me thn tim 
pou eÐnai apojhkeumènh sto pakèto. An to pakèto den �llaxe/alloi¸jhke sth
diadrom , ta CRC ja sumpÐptoun. Ed¸ qrhsimopoieÐtai wc trìpoc anÐqneushc
allag¸n sthn apostol , ¸ste na xèroume an prèpei na fwtisteÐ xan� h apostol 
(GetFileCRC()),

• dhmiourgÐa thc apostol  kai twn antikeimènwn (exec(missionFile)),

• fìrtwma twn monopati¸n (paths) pou èqoun oristeÐ se eswterikoÔc q¸rouc
(PathOnMissionLoadDone()),

• metafor� thc apostol c stouc sundedemènouc pel�tec (onMissionLoaded()).

Epeid  h efarmog  perièqei pl joc senarÐwn kai se k�je sen�rio up�rqoun su-
nart seic pou kaloÔn �llec se diaforetikì arqeÐo, eÐnai dÔskolo na parakolouj sei
kaneÐc tic enèrgeiec pou gÐnontai. Gia to lìgo autì paratÐjetai to parak�tw di�gram-
ma pou bohj�ei na entopistoÔn oi sunart seic pou qrhsimopoioÔntai gia th dhmiourgÐa
tou exuphretht  kai to arqeÐo sto opoÐo orÐzontai. Sto di�gramma autì ta arqeÐa
mèsa se plaÐsio eÐnai aut� ìpou up�rqoun oi dhl¸seic twn sunart sewn kai mejìdwn,
en¸ ta èntona, maÔra bèlh deÐqnoun th seir� me thn opoÐa gÐnontai oi kl seic.

6.1.2 SÔndesh pel�th-exuphretht 

To pr¸to pr�gma pou prèpei na k�nei ènac pel�thc gia na eisèljei ston kìsmo kai
na mporèsei na allhlepidr�sei me otid pote up�rqei se autìn eÐnai na sundejeÐ me ton
exuphretht . Basik  kl�sh ed¸ eÐnai h “GameConnection”, pou orÐzei mejìdouc
kai callbacks gia thn egkat�stash kai to qeirismì miac tètoiac sÔndeshc. DhmiourgeÐ-
tai loipìn sthn pleur� tou pel�th èna antikeÐmeno thc kl�shc “GameConnection”.
Oi enèrgeiec pou gÐnontai eÐnai:

• dhmiourgÐa tou antikeimènou thc kl�shc “GameConnection” gia th sÔndesh ston
exuphretht  (new GameConnection(ServerConnection) - bl. arqeÐo ./control/-
client/client.cs),

• dhmiourgÐa topik c sÔndeshc (ServerConnection.connectLocal() - bl. arqeÐo
./control/client/client.cs),
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Sq ma 6.1: Di�gramma basikìterwn energei¸n kat� th dhmiourgÐa tou exuphretht 

• prosp�jeia sÔndeshc ston exuphretht  (onConnectRequest() - orÐzetai sto ar-
qeÐo ./common/server/clientConnection.cs),

• epituq c sÔndesh (onConnect() - orÐzetai sto arqeÐo ./common/server/client-
Connection.cs).

Sthn pleur� tou exuphretht , h mhqan  diathreÐ eswterik� mÐa lÐsta me ìlouc
touc sundedemènouc pel�tec. H lÐsta aut  eÐnai prosb�simh se epÐpedo script mèsw
tou antikeimènou “ClientGroup” (pou eÐnai antikeÐmeno thc kl�shc “SimGroup”  
“SimSet”). To “ClientGroup” up�rqei qwrÐc na qrei�zetai na to dhmiourg soume. 'O-
tan o pel�thc sundejeÐ ston exuphretht , h mhqan  prosjètei autìmata to antikeÐmeno
thc kl�shc “GameConnection” sto “ClientGroup” tou exuphretht .

6.1.3 Katèbasma thc apostol c ston pel�th

Apì th stigm  pou èqei egkatastajeÐ h sÔndesh metaxÔ pel�th-exuphretht , o ènac
mporeÐ na epikoinwn sei ap' eujeÐac me ton �llo me to mhqanismì antallag c mhnum�twn
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Sq ma 6.2: Di�gramma basikìterwn energei¸n gia th sÔndesh tou pel�th me ton
exuphretht 

thc Torque. O mhqanismìc autìc basÐzetai stic sunart seic konsìlac “command-
ToServer()” kai “commandToClient()”, kai leitourgeÐ wc ex c:

• M numa apì pel�th se exuphretht : Sthn pleur� tou pel�th, stèl-
noume to m numa ston monadikì exuphretht  me ton opoÐo eÐmaste sundedemènoi.

function commandToServer(’FunctionName’,arg1,arg2...) {...};

Sthn pleur� tou exuphretht , h l yh tou mhnÔmatoc metafr�zetai sthn kl sh
miac sun�rthshc me kat�llhla diamorfwmèno ìnoma.

function serverCmdFunctionName(arg1,arg2...) {...};

• M numa apì exuphretht  se pel�th: Sthn pleur� tou exuphretht 
epilègoume ènan apì touc sundedemènouc pel�tec kai tou stèlnoume to m numa.
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function commandToClient(gameConnectionOfClient,’FunctionName’,arg1,arg2...)
{...};

Sthn pleur� tou pel�th, h l yh tou mhnÔmatoc metafr�zetai sthn kl sh miac
sun�rthshc me kat�llhla diamorfwmèno ìnoma.

function clientCmdFunctionName(arg1,arg2...) {...};

Prosèxte ìti to endeiktikì “FunctionName” brÐsketai mèsa se <<mon� aut�kia>> (tagged
string).

O pel�thc eÐnai plèon ètoimoc na kateb�sei thn apostol . H diadikasÐa aut  gÐne-
tai se treic f�seic. Se k�je mÐa apaiteÐtai o sugqronismìc metaxÔ pel�th-exuphretht 
¸ste h k�je f�sh na xekin� ìtan eÐnai kai dÔo ètoimoi kai na mhn proqwr�me sthn e-
pìmenh f�sh an den oloklhr¸soun kai oi dÔo pleurèc epituq¸c thn trèqousa f�sh.
O sugqronismìc epitugq�netai me to mhqanismì mhnum�twn pou perigr�yame.

Pr¸th f�sh

Sthn pr¸th f�sh apostèllontai ston pel�th ta datablocks twn antikeimènwn thc
apostol c:

• apostèlletai to CRC thc apostol c ètsi ¸ste na mporeÐ o pel�thc na elègxei
an ja th l�bei swst� (setMissionCRC()),

• xekÐna h apostol  twn datablocks, pou èqoun fortwjeÐ ston exuphretht , ston
pel�th. 'Etsi, o pel�thc ja èqei ìlec tic plhroforÐec pou qrei�zetai gia aut�
kai ja mporèsei na qeiristeÐ ta antikeÐmena kl�sewn pou ta qrhsimopoioÔn kai
ta opoÐa ja staloÔn sthn epìmenh f�sh. O pel�thc den èqei prìsbash ston
k¸dika twn datablocks pou tou èsteile o exuphretht c, opìte den mporeÐ na ta
alloi¸sei (transmitDataBlocks()),

• oloklhr¸netai epituq¸c h apostol  (onDatablocksDone()).

DeÔterh f�sh

Sth deÔterh f�sh antigr�fontai ston pel�th ta antikeÐmena pou èqoun dhmiourghjeÐ
ston exuphretht  (ghosting):

• o pel�thc katastrèfei ì,ti endeqomènwc èqei apomeÐnei apì prohgoÔmenec apo-
stolèc (purgeResources()),

• metafèretai h plhroforÐa gia ta monop�tia (paths) pou èqoun oristeÐ (trans-
mitPaths()),
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• xekÐna h apostol  twn antikeimènwn, pou èqoun fortwjeÐ ston exuphretht ,
ston pel�th. 'Opwc kai prin o pel�thc den èqei prìsbash ston k¸dik� touc kai
den mporeÐ na ta alloi¸sei (activateGhosting()),

• oloklhr¸netai epituq¸c h apostol  twn antikeimènwn (onGhostAlwaysObject-
sReceived()).

TrÐth f�sh

Plèon èqei oloklhrwjeÐ to katèbasma thc apostol c apì ton exuphretht  kai o pe-
l�thc analamb�nei na fwtÐsei th skhn :

• energopoÐhsh tou sust matoc paragwg c poll¸n ìmoiwn antikeimènwn apì èna
prwtìtupo (startClientReplication()),

• energopoÐhsh tou sust matoc paragwg c poll¸n ìmoiwn antikeimènwn pou ana-
paristoÔn bl�sthsh apì èna prwtìtupo (startFoliageReplication()),

• fwtismìc thc apostol c (lightScene()),

• olokl rwsh thc diadikasÐac fwtismoÔ (sceneLightingComplete()).

Oi treic autèc f�seic parousi�zontai sto parak�tw di�gramma en¸ akoloujoÔn
kai ta tm mata k¸dika se exuphretht  kai pel�th pou tic ulopoioÔn.
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Sq ma 6.3: DiadikasÐa fìrtwshc apostol c apì ton exuphretht  ston pel�th

//====================================================
// common/server/missionDownload.cs
//
// Mission loading FROM SERVER SIDE−>The server sends
//the mission to each connected client.
//Loading Phases:
// Phase 1: Transmit Datablocks
// Transmit targets
// Phase 2: Transmit Ghost Objects
// Phase 3: Start Game (on the client side, phase 3 is to light

the mission!!)
//
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// The server invokes the client MissionStartPhase[1−3]
function to request

//permission to start each phase. When a client is ready for a
phase,

//it responds with MissionStartPhase[1−3]Ack.
//====================================================

//∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
//∗ function GameConnection::loadMission(%this)
//∗Args:
//∗ (1)%this: The connected client who wants to download
//∗the mission.
//∗Purpose:
//∗ Send over the information that will display the server

info.
//∗When we learn it got there, we’ll send the data blocks.
//∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
function GameConnection :: loadMission (% th i s )
{

% th i s .currentPhase =0;
i f (% th i s .isAIControlled ())

% th i s .onClientEnterGame ();
e l se

commandToClient (% this ,’MissionStartPhase1 ’,
$missionSequence ,$Server :: MissionFile ,MissionGroup.
musicTrack);

}

//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
// Phase 1
//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

//Server starts Phase 1 when gets the ACK from client
function serverCmdMissionStartPhase1Ack (%client , %seq)
{

// Make sure to ignore calls from a previous mission load
i f (%seq!= $missionSequence ||! $MissionRunning)

return;
i f (% client.currentPhase != 0)

return;
%client.currentPhase =1;

// Set the CRC value for the current mission.
//This allows client to determine whether they need to
//relight a scene or not. The CRC value is used to calculate
//the signature of a mission LIGHTING file (.ml). If the

signature
//does not match the current CRC, the mission will be relight

.
%client.setMissionCRC($missionCRC);

// Send over the datablocks.
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// OnDataBlocksDone will get called when have confirmation
//that they’ve all been received.
%client.transmitDataBlocks($missionSequence);

}

// Torque calls onDataBlocksDone() callback when datablocks
have

//been received from client
function GameConnection :: onDataBlocksDone (% this ,%

missionSequence)
{

//Make sure to ignore calls from a previous mission load
i f (% missionSequence != $missionSequence)

return;
i f (% th i s .currentPhase != 1)

return;
% th i s .currentPhase =1.5;

//Inform client that you are going to start Phase 2 and wait
for ACK

commandToClient (% this , ’MissionStartPhase2 ’, $missionSequence
, $Server :: MissionFile);

}

//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
// Phase 2
//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

//Server starts Phase 2 when gets the ACK from client
function serverCmdMissionStartPhase2Ack (%client , %seq)
{

// Make sure to ignore calls from a previous mission load
i f (%seq != $missionSequence || !$MissionRunning)

return;
i f (% client.currentPhase != 1.5)

return;
%client.currentPhase = 2;
// Update mod paths, this needs to get there before the

objects.
%client.transmitPaths ();

// Start ghosting objects to the client
// GHOSTS: all objects are created on the server and then

some
//of these are duplicated on the client. These duplicates are

called
//ghosts.
%client.activateGhosting ();

}

// Torque calls onGhostAlwaysObjectsReceived callback when
//the ghosting process is complete. Now Server is ready for the

next phase.
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function GameConnection :: onGhostAlwaysObjectsReceived (% client)
{

// Ready for next phase.
commandToClient (%client , ’MissionStartPhase3 ’,

$missionSequence , $Server :: MissionFile);
}

//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
// Phase 3
//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

function serverCmdMissionStartPhase3Ack (%client , %seq)
{

// Make sure to ignore calls from a previous mission load
i f (%seq != $missionSequence || !$MissionRunning)
return;

i f (% client.currentPhase != 2)
return;

%client.currentPhase = 3;

// Server is ready to drop into the game
%client.startMission ();
%client.onClientEnterGame ();

}

//====================================================
// common/client/missionDownload.cs
//
// Mission loading FROM CLIENT SIDE
//Loading Phases:
// Phase 1: Download Datablocks
// Phase 2: Download Ghost Objects
// Phase 3: Scene Lighting
//====================================================

//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
// Phase 1
//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

function clientCmdMissionStartPhase1 (%seq , %missionName , %
musicTrack)

{
onMissionDownloadPhase1 (% missionName , %musicTrack);
commandToServer(’MissionStartPhase1Ack ’, %seq);

}

function onDataBlockObjectReceived (%index , %total)
{

onPhase1Progress (% index/% total);
}

//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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// Phase 2
//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
function clientCmdMissionStartPhase2 (%seq ,% missionName)
{

onPhase1Complete ();
purgeResources ();
onMissionDownloadPhase2 (% missionName);
commandToServer(’MissionStartPhase2Ack ’, %seq);

}

function onGhostAlwaysStarted (% ghostCount)
{

$ghostCount = %ghostCount;
$ghostsRecvd = 0;

}

function onGhostAlwaysObjectReceived ()
{

$ghostsRecvd ++;
onPhase2Progress($ghostsRecvd / $ghostCount);

}

//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
// Phase 3
//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

function clientCmdMissionStartPhase3 (%seq ,% missionName)
{

onPhase2Complete ();
StartClientReplication ();
StartFoliageReplication ();
$MSeq = %seq;
$Client :: MissionFile = %missionName;

// Need to light the mission before we are ready.
// The sceneLightingComplete function will complete the

handshake
// once the scene lighting is done.
lightScene("sceneLightingComplete", "");
i f (lightScene("sceneLightingComplete", ""))
{

schedule(1, 0, "updateLightingProgress");
onMissionDownloadPhase3 (% missionName);
$lightingMission = true;

}
}

function updateLightingProgress ()
{

onPhase3Progress($SceneLighting :: lightingProgress);
i f ($lightingMission)
$lightingProgressThread = schedule(1, 0, "

updateLightingProgress");

PoluteqneÐo Kr thc
Tm ma Hlektronik¸n Mhqanik¸n & Mhqanik¸n Upologist¸n



84 Enìthta 6.2

}

function sceneLightingComplete ()
{

onPhase3Complete ();
// The is also the end of the mission load cycle.
onMissionDownloadComplete ();
commandToServer(’MissionStartPhase3Ack ’, $MSeq);

}

6.2 Grafikèc Diasundèseic Qr sth (GUIs)

Genik�, se efarmogèc polumèswn ta grafik� perib�llonta diasÔndeshc tou qr sth
eÐnai to mèso me to opoÐo o teleutaÐoc epikoinwneÐ me thn efarmog . Sthn perÐptwsh
mac o paÐkthc mèsw aut¸n ja plohghjeÐ ston eikonikì kìsmo pou èqoume sqedi�sei.

Anatrèqontac sto par�rthma, sthn ierarqÐa twn kl�sewn thc mhqan c ja entopÐ-
soume thn kl�sh “GuiControl”. Prìkeitai gia th rÐza twn upokl�sewn GUI (den
faÐnontai sto sq ma). Oi kl�seic autèc ulopoioÔn tic leitourgÐec pou prosfèrei h
mhqan  gia th dhmiourgÐa twn grafik¸n diasundèsewn tou qr sth (Graphical User
Interfaces).

Se antistoiqÐa me ìsa eÐdame gia to diaqwrismì se kl�seic kai datablocks, sthn
perÐptwsh twn GUIs, èqoume kl�seic kai profiles. Ta profiles eÐnai sullog  idiot twn,
k�ti san ta style sheets thc HTML. Ed¸ ìmwc den up�rqei xeqwrist  kl�sh profile gia
k�je GUI kl�sh (jumhjeÐte ìti sthn kl�sh “Player” antistoiqeÐ to datablock “Play-
erData”, sthn “ShapeBase” to “ShapeBaseData” k.o.k ) all� mìno to “GuiCon-
trolProfile” apì to opoÐo dhmiourgoÔntai ìla ta antikeÐmena profile (endeiktik� a-
natrèxte sto arqeÐo “./control/client/Profiles.cs”). Wc par�deigma paratÐjetai to
parak�tw tm ma k¸dika sto opoÐo up�rqei to antikeÐmeno “FinalScreen1” thc kl�shc
“GuiBitmapCtrl” (upokl�sh thc “GuiControl”) kai to opoÐo, ektìc twn �llwn, qrh-
simopoieÐ to profile “GuiDefaultProfile” (antikeÐmeno tÔpou “GuiControlProfile”):

//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
//./control/client/interfaces/playerInterface.gui
//−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
//−−− OBJECT WRITE BEGIN −−−
new GameTSCtrl(PlayerInterface) {

profile = "GuiContentProfile";
horizSizing = "right";
vertSizing = "bottom";
position = "0 0";
...
...
new GuiCrossHairHud () {

profile = "GuiDefaultProfile";
horizSizing = "center";
...
...

};
new GuiBitmapCtrl(FinalScreen1) {
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profile = "GuiDefaultProfile";
horizSizing = "center";
vertSizing = "center";
position = "160 60";
extent = "320 240";
minExtent = "8 8";
visible = "0";
helpTag = "0";
bitmap = "./art/lastmessage1";
wrap = "0";

};
...
...

};

Ta GUIs brÐskontai, ìpwc eÐdame, sthn pleur� tou pel�th. 'Otan o pel�thc ekte-
lesteÐ, prèpei kat� tic arqikopoi seic tou na dhmiourg sei èna antikeÐmeno thc kl�shc
“GuiCanvas”. Autì den gÐnetai me to “new” ìpwc gia ta �lla antikeÐmena kl�sewn,
all� kal¸ntac thn createCanvas() (bl. arqeÐo ./common/client/canvas.cs). AfoÔ
gÐnei autì, to antikeÐmeno pou kataskeÔase eswterik� h mhqan  eÐnai diajèsimo me to
ìnoma “Canvas”. 'Enac pel�thc prèpei na èqei èna kai mìno antikeÐmeno thc kl�shc
“GuiCanvas”, mèsa sto opoÐo topojetoÔntai ìla ta �lla antikeÐmena GUI kl�sewn.
Sunep¸c, to antikeÐmeno thc kl�shc “GuiCanvas” prèpei na dhmiourghjeÐ prin apì
opoiod pote �llo antikeÐmeno GUI kl�sewn. H topojèthsh �llwn antikeimènwn GUI
kl�sewn sto “Canvas” gÐnetai me tic mejìdouc setContent() kai pushDialog(). H pr¸-
th, k�je for� pou kaleÐtai, apomakrÔnei to prohgoÔmeno antikeÐmeno apì to Canvas.
Mìno me pushDialog() mac epitrèpetai èna GUI antikeÐmeno na emfanÐzetai <<p�nw>> se
�llo!

6.2.1 Ojìnec eisagwg c kai basikì menoÔ

Me thn ènarxh tou paiqnidioÔ emfanÐzontai dÔo ojìnec eisagwg c. H pr¸th eÐnai mÐa ei-
kìna apì stigmiìtupa tou paiqnidioÔ (screenshots) kai sthn opoÐa anagr�fetai o tÐtloc
tou. Paramènei energ  gia pènte deuterìlepta, sto pr¸to apì ta opoÐa qrhsimopoieÐtai
efè stadiak c emf�nishc (fade in) kai sto teleutaÐo, efè stadiak c apenergopoÐhshc
(fade out) (sqetikì arqeÐo: ./control/client/interfaces/introScreen.cs).

Met� ta pènte aut� deuterìlepta, sto “Canvas” antikeÐmeno topojeteÐtai (set-
Content()) h ojình pou apoteleÐtai apì thn eikìna me to logìtupo thc TGE. Kai
ed¸ èqoun ulopoihjeÐ ta Ðdia me prohgoumènwc (sqetikì arqeÐo: ./control/client/in-
terfaces/splashScreen.cs). Me to pèrac twn pènte, nèwn, deuterolèptwn (dhlad  apì
thn ènarxh tou paiqnidioÔ èqoun mesolab sei sunolik� dèka deuterìlepta) emfanÐzetai
to basikì menoÔ.

To GUI gia to basikì menoÔ diafèrei apì tic ojìnec eisagwg c. Sthn teleutaÐa
perÐptwsh k�je ojình programmatÐzetai wc èna kai mìno antikeÐmeno, to opoÐo para-
mènei energì gia k�poio qronikì di�sthma kai, to shmantikìtero, den dèqetai kamÐa
eÐsodo apì ton paÐkth. Gia to basikì menoÔ ìmwc, èqei ulopoihjeÐ èna antikeÐmeno
(“menuScreen”) mèsa sto opoÐo orÐzontai epiplèon antikeÐmena. Ta epiplèon aut� an-
tikeÐmena eÐnai dÔo kai antistoiqoÔn sta dÔo koumpi� pou up�rqoun sto basikì menoÔ
(sqetikì arqeÐo: ./control/client/interfaces/menuScreen.cs).
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Sq ma 6.4: (a), (b) Ojìnec eisagwg c - (g) Basikì menoÔ

K�je koumpÐ (“Play” kai “Quit”) èqei sundejeÐ kai me mÐa sun�rthsh. To “Play”
me th launchGame(), en¸ to “Quit” me th quit(). O rìloc thc quit() eÐnai profan c.
Gia th launchGame() anatrèxte sta sq mata 6.1 kai 6.2. EÐnai h sun�rthsh apì thn
opoÐa arqÐzei h dhmiourgÐa tou exuphretht , h sÔndes  tou me ton pel�th kai ì,ti
eÐdame sth sqetik  enìthta. M�lista h diadikasÐa thc fìrtwshc thc apostol c apì
ton pel�th, oi treic f�seic dhlad  pou perigr�fthkan, emfanÐzontai se nèo par�ju-
ro. Sto Ðdio autì par�juro parousi�zontai kai oi plhroforÐec thc apostol c pou
sunelèqjhsan (sq ma 6.5). Apì ed¸ xekin�ei, sthn ousÐa, to paiqnÐdi!

Prin suneqÐsoume na shmei¸soume ìti èqei epikrat sei, sth Torque, na mil�me
gia controls, ìtan jèloume na anaferjoÔme genik� se antikeÐmena twn Gui kl�sewn.
'Ena control pou perièqei �lla controls eÐnai container gia aut�. Gia controls pou
orÐzontai mèsa sto Ðdio container kai katalamb�noun thn Ðdia perioq  èqei shmasÐa h
seir� dhmiourgÐac touc (k�je control ja kalÔptei ta prohgoÔmen� tou).

6.2.2 Head-up Display (HUD)

'Otan o pel�thc sundejeÐ me ton exuphretht  kai eisèljei ston kìsmo, analamb�nei
plèon thn apeikìnish tou kìsmou me b�sh tic plhroforÐec pou tou stèlnei o exuphre-
tht c. 'Etsi o qr sthc mporeÐ na blèpei ti gÐnetai ston kìsmo kai na dra an�loga.

H apeikìnish tou kìsmou eÐnai mÐa upìjesh diaforetik  apì tic ojìnec eisagwg c
kai to menoÔ. EkeÐ ta GUIs eÐnai, se telik  an�lush, eikìnec kai mporoÔn �mesa na
antistoiqhjoÔn se pixels thc ojìnhc. O kìsmoc ìmwc apoteleÐtai apì mÐa sullog 
trisdi�statwn antikeimènwn. Se aut� mporeÐ na efarmìzontai ufèc kai na up�rqei k�-
poio montèlo fwtismoÔ. ApaiteÐtai loipìn mÐa polÔplokh diadikasÐa gia th metatrop 
aut c thc perigraf c tou kìsmou se mÐa dusdi�stath eikìna pou na mporeÐ na parou-
siasteÐ sthn ojình. Autì eÐnai doulei� thc mhqan c kai sugkekrimèna tou “renderer”.
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Sq ma 6.5: H ojình pou emfanÐzetai ìtan pathjeÐ to koumpÐ “Play”

Up�rqei mÐa eidik  kl�sh GUI pou analamb�nei na apotup¸sei sthn ojình ta
apotelèsmata tou “rendering”. EÐnai h kl�sh GameTSCtrl. DhmiourgoÔme èna
antikeÐmeno aut c thc kl�shc (sqetikì arqeÐo: /control/client/interfaces/playerIn-
terface.gui). 'Eqei kajierwjeÐ h en lìgw diasÔndesh, mèsw thc opoÐac
blèpoume ton kìsmo, plhroforÐec ìpwc h enèrgeia tou  rwa, mh-
nÔmata se morf  keimènou klp. na onom�zetai HUD (Head-Up Dis-
play1). O pel�thc jètei to HUD san perieqìmeno tou Canvas (setContent()) kai
plèon o qr sthc mporeÐ na dei ton kìsmo.

Up�rqoun k�poiec eidikèc kl�seic, ta antikeÐmena twn opoÐwn proorÐzontai gia
qr sh se èna HUD. DÔo apì autèc eÐnai oi kl�seic “GuiCrossHairHud” kai “Gui-
HealthBarHud”. H pr¸th mac epitrèpei na emfanÐsoume sto mèso thc ojìnhc, to
sunhjismèno <<staurì>> (  otid pote �llo) pou sunant�tai sta paiqnÐdia tÔpou FPS. O
<<staurìc >> upodeiknÔei th dieÔjunsh pou koit�ei/stoqeÔei o paÐkthc. H kl�sh “Gui-
HealthBarHud” qrhsimopoieÐtai gia th dhmiourgÐa antikeimènwn pou apeikonÐzoun tic
mp�rec enèrgeiac.

<<MÐa eikìna Ðson qÐliec lèxeic >> lène, opìte sto sq ma 6.6 parousi�zoume to
HUD tou paiqnidioÔ. 'Etsi o paÐkthc ja plohgeÐtai ston kìsmo tou paiqnidioÔ! Ta
antikeÐmena pou sunjètoun to HUD epexhgoÔntai sthn eikìna. To mìno pou qrei�zetai
na xekajarÐsoume eÐnai h <éndeixh tÔpou mhnÔmatoc >>.

Sto paiqnÐdi èqoume dÔo eid¸n mhnÔmata ta opoÐa emfanÐzontai sthn ojình mhnu-
m�twn:

• aplèc plhroforÐec pou emfanÐzontai k�je for� pou o paÐkthc allhlepidr� me
k�poio antikeÐmeno (gia par�deigma mazeÔei pakèta enèrgeiac   polemofìdia) kai

• mhnÔmata pou dèqetai apì ton <�n¸terì tou>>.

1O ìroc proèrqetai apì thn ojình pou qrhsimopoioÔn oi pilìtoi sthn polemik  aeroporÐa kai
sthn opoÐa emfanÐzontai di�forec plhroforÐec en ¸ra pt shc.
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Sq ma 6.6: Head-Up Display tou WaterWar

Gia na diakrÐnoume tic dÔo autèc kathgorÐec, emfanÐzetai k�je for� to antÐstoiqo
eikonÐdia tou sq matoc 6.7, se jèsh arister� tou mhnÔmatoc.

Sq ma 6.7: EikonÐdio (a) mhnÔmatoc apì <<Fwn >>, (b) apl c plhroforÐac

6.2.3 H ojình mhnum�twn tou HUD

AnoÐgontac to arqeÐo “./control/client/interfaces/playerInterface.gui” sto opoÐo orÐzontai
ta antikeÐmena pou sunjètoun to HUD, den ja broÔme to GUI antikeÐmeno gia thn
ojình mhnum�twn. H ojình mhnum�twn èqei oristeÐ se xeqwristì arqeÐo kai em-
fanÐzetai sto HUD me th bo jeia thc mejìdou pushDialog() (ìpwc shmei¸same nwrÐtera
me th mèjodo aut  topojetoÔme nèa antikeÐmena GUI <<p�nw>> sta  dh up�rqonta anti-
keÐmena tou Canvas). H diadikasÐa aut  faÐnetai sto tm ma k¸dika pou akoloujeÐ. H
onWake() eÐnai kl sh sust matoc (callback) kai kaleÐtai me thn energopoÐhsh tou
HUD, dhlad  me thn eÐsodo tou paÐkth sto paiqnÐdi.

Listing 6.1: Tm ma tou k¸dika tou arqeÐou “./control/client/misc/screens.cs”
function PlayerInterface :: onWake (% th i s )
{

$enableDirectInput="1";
activateDirectInput ();
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//Push−make visible the MessageBox
Canvas.pushDialog(MainMessageHud);
chatHud.attach(mainMessageVector);

playerKeymap.push();
}
...
...

To “MainMessageHud” eÐnai to antikeÐmeno GUI pou qrhsimopoioÔme gia thn
ojình mhnum�twn. OrÐzetai sto arqeÐo “./control/client/interfaces/messageBox.gui”.
Prìkeitai gia èna “container” pou orÐzei mia seir� apì “controls”. K�poia apì aut�
èqoun na k�noun me to plaÐsio pou perib�lei thn ojình mhnum�twn, �lla me to eikonÐdio
èndeixhc pou perigr�yame mìlic prin. To shmantikìtero wstìso antikeÐmeno-“control”
pou orÐzetai sto “MainMessageHud” eÐnai to “ChatHud”, tÔpou “GuiMessageVec-
torCtrl”.

Listing 6.2: Orismìc tou “MainMessageHud”
//−−− OBJECT WRITE BEGIN −−−
new GuiControl(MainMessageHud)
{

profile = "GuiModelessDialogProfile";
horizSizing = "width";
vertSizing = "height";
position = "0 0";
extent = "640 480";
minExtent = "8 8";
visible = "1";
helpTag = "0";
noCursor = "1";

new GuiControl(MainMessageHudContainer)
{

profile = "GuiDefaultProfile";
horizSizing = "relative";
vertSizing = "bottom";
position = "190 00";
extent = "400 250";
minExtent = "8 8";
visible = "1";
helpTag = "0";

new GuiBitmapCtrl(InfoIcon)
{

profile = "GuiDefaultProfile";
horizSizing = "right";
vertSizing = "top";
position = "20 25";
extent = "32 32";
minExtent = "8 8";
visible = "0";
helpTag = "0";
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bitmap = "./art/info_icon";
wrap = "0";
};

new GuiBitmapCtrl(VoiceIcon)
{

profile = "GuiDefaultProfile";
horizSizing = "right";
vertSizing = "top";
position = "20 25";
extent = "32 32";
minExtent = "8 8";
visible = "0";
helpTag = "0";
bitmap = "./art/voice_icon";
wrap = "0";

};

new GuiBitmapBorderCtrl(OuterChatHud)
{

profile = "ChatBoxBorderProfile";
horizSizing = "width";
vertSizing = "bottom";
position = "0 0";
extent = "272 88";
minExtent = "8 8";
visible = "1";
helpTag = "0";
useVariable = "0";
tile = "0";

new GuiBitmapCtrl ()
{

profile = "GuiDefaultProfile";
horizSizing = "width";
vertSizing = "height";
position = "8 8";
extent = "256 72";
minExtent = "8 8";
visible = "1";
helpTag = "0";
bitmap = "./art/hudfill.png";
wrap = "0";

};

new GuiButtonCtrl(chatPageDown)
{

profile = "GuiButtonProfile";
horizSizing = "left";
vertSizing = "top";
position = "220 58";
extent = "36 14";
minExtent = "8 8";
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visible = "0";
helpTag = "0";
text = "Dwn";
groupNum = " -1";
buttonType = "PushButton";

};

new GuiScrollCtrl(ChatScrollHud)
{

profile = "ChatBoxScrollProfile";
horizSizing = "width";
vertSizing = "height";
position = "58 10";
extent = "256 72";
minExtent = "8 8";
visible = "1";
helpTag = "0";
willFirstRespond = "1";
hScrollBar = "alwaysOff";
vScrollBar = "alwaysOff";
constantThumbHeight = "0";
childMargin = "0 0";

new GuiMessageVectorCtrl(ChatHud)
{

profile = "ChatBoxMessageProfile";
horizSizing = "width";
vertSizing = "height";
position = "1 1";
extent = "252 16";
minExtent = "8 8";
visible = "1";
helpTag = "0";
lineSpacing = "0";
lineContinuedIndex = "10";
maxColorIndex = "5";

};
};

};
};

};
//−−− OBJECT WRITE END −−−

Stìqoc twn antikeimènwn tÔpou “GuiMessageVectorCtrl” eÐnai na emfanÐzoun ta
perieqìmena tou “MessageVector” me to opoÐo sundèontai. “MessageVector” eÐnai
mÐa kl�sh pou mporeÐ na perièqei keÐmeno. Den èqei pedÐa kai dhmiourgeÐtai me thn ex c
d lwsh:

$myMsgVector=new MessageVector();
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Apì th stigm  pou èqei dhmiourghjeÐ èna stigmiìtupo thc “MessageVector”, sum-
perifèretai san our� (queue) kai mporoÔme na prosjèsoume grammèc keimènou me tic
mejìdouc pushFrontLine() kai pushBackLine().

Epistrèfontac sthn ulopoÐhs  mac, parathreÐste th mèjodo attach() sto tm ma
k¸dika 6.1. H par�metroc “mainMessageVector” eÐnai to antikeÐmeno “MessageVec-
tor” pou antistoiqeÐ sto “ChatHud” (h d lwsh tou “mainMessageVector” brÐsketai
sto arqeÐo “./control/client/misc/chatHud.cs”). Otid pote emfanÐzetai sthn ojình
mhnum�twn eÐnai perieqìmena tou “mainMessageVector”.

H epexergasÐa twn mhnum�twn pou prèpei na emfanistoÔn, gÐnetai sthn pleur�
tou pel�th. O exuphretht c eidopoieÐ ton pel�th ìti prèpei na emfanÐsei k�poio
m numa mèsw twn sunart sewn infoMessage() (gia aplèc plhroforÐec pou prèpei na
emfanistoÔn) kai voiceMessage() (gia mhnÔmata pou proèrqontai apì th <<Fwn >>) pou
orÐzontai sto arqeÐo “./control/server/game.cs”.

Sthn pleur� tou pel�th, oi parap�nw sunart seic antistoiqoÔn stic clientCmd-
InfoMessage() kai clientCmdVoiceMessage() antÐstoiqa (bl. “./control/client/in-
terfaces/messageBox.gui”). K�je mÐa prosjètei to aparaÐthto keÐmeno sto “main-
MessageVector” me kl sh, antistoÐqwc, twn infoMessages() kai voiceMessages() (bl.
“./control/client/misc/chatHud.cs”). Apì ekeÐ analamb�nei h manageHudMessages()
(orÐzetai sto Ðdio arqeÐo me tic dÔo prohgoÔmenec).

H sun�rthsh aut  dÐnei proteraiìthta se mhnÔmata apì th <<Fwn >>. Dhlad  an èna
tètoio m numa den èqei oloklhrwjeÐ, tìte oi aplèc plhroforÐec mpaÐnoun se anamon 
kai emfanÐzontai sthn ojình met� to tèloc tou. EpÐshc h ìlh diadikasÐa emf�nishc enìc
mhnÔmatoc perièqei bohjhtikèc sunart seic gia th stadiak  parousÐash twn epiplèon
gramm¸n tou mhnÔmatoc (h ojình qwr�ei mèqri kai tèsseric grammèc keimènou).

Listing 6.3: O k¸dikac gia thn emf�nish twn mhnum�twn sthn ojình

//================================================
// ./contol/client/misc/chatHud.cs
//================================================

$scheduledEventToHideInfoIcon =-1;
$howManyEventsOfScrollUpdate =0;

new MessageVector(mainMessageVector);

//%type−>1 for voice messages, 0 for info messages
function manageHudMessages (% this ,%text ,%type)
{

//enable/disable icons
InfoIcon.visible =!% type;
VoiceIcon.visible =%type;

//make sure the infoIcon is off when the time has passed
$scheduledEventToHideInfoIcon=schedule (4000,0, hideInfoIcon);

//for voice message make sure the messageBox is visible
i f (%type ==1)

MainMessageHudContainer.setVisible( true);

//a voiceMessage ends with #
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i f (%text$="#")
{

$endOfVoiceMessage= true;
VoiceIcon.visible= f a l s e ;

}
e l se

% th i s .pushBackLine (%text ,0); //add line at the bottom of
messageBox

}

function voiceMessages (%line ,%i)
{

$endOfVoiceMessage= f a l s e ;
%delay =2000*%i;
i f (%i==1) //this is mean that we have a new voiceMessage
{

cancelAllScrollEvents ();
mainMessageVector.clear ();

}
schedule (%delay ,0,manageHudMessages ,mainMessageVector ,%line

,1);
}

function infoMessages (%text ,%i)
{

i f ($endOfVoiceMessage == f a l s e ) //wait until a voiceMessage is
over

{
schedule (2000,0, infoMessages ,%text ,%i);

}
e l se
{

i f (%i==1) //this is mean that we have a new infoMessage
{

mainMessageVector.clear ();
cancel($scheduledEventToHideInfoIcon);
cancelAllScrollEvents ();

}

//messageBox can display 4 lines
%numOfLines=getFieldCount (%text);
i f (% numOfLines <=4) //4 lines message

manageHudMessages(mainMessageVector ,%text ,0);
e l se //more than 4 lines

scrollMessage (%text ,% numOfLines);
}

}

function hideInfoIcon ()
{

InfoIcon.visible= f a l s e ;
}
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function scrollMessage (%text ,% numOfLines)
{

//the first 4 lines −−the index for line1 is 0, for line2 is
1 etc

%mainPartOfText=getFields (%text , 0, (%numOfLines <5 ? %
numOfLines -1 : 4-1));

%extraLine="";
%newText =% mainPartOfText;
%numOfExtraLines =%numOfLines -4;

for (%j=0;%j<=% numOfExtraLines ;%j++)
{

scrollUpdate (%newText ,%j);
%extraLine=getField (%text ,4+%j); //add one new line each

time
%newText =% newText NL %extraLine;

}
}

//ana 5sec 8a emfanizetai mia nea grammh sto message box
function scrollUpdate (%text ,%j)
{

$howManyEventsOfScrollUpdate ++;
$scheduledEventToScrollText [%j]= schedule (5000*%j,0,

manageHudMessages ,mainMessageVector ,%text ,0);
}

//an to scroll den exei teleiwsei kai er8ei neo infoMessage
//me thn synarthsh auth "akyrwnoume" to scroll tou prohgoumenou
//mhnymatos kai etsi den yparxei periptwsh na emfanistei
//sto neo mhnyma plhrofories apo to prohgoumeno
function cancelAllScrollEvents ()
{

for (% numOfEvents =0;% numOfEvents <$howManyEventsOfScrollUpdate
;% numOfEvents ++)
cancel($scheduledEventToScrollText [% numOfEvents ]);

$howManyEventsOfScrollUpdate =0;
}

6.2.4 Ojình dialìgou

H ojình dialìgou emfanÐzetai sto HUD ìtan o  rwac sunomileÐ me ton fulakismèno
  ìtan diab�zei èna biblÐo. 'Eqei ulopoihjeÐ me ton Ðdio trìpo pou anaptÔqjhke kai h
ojình mhnum�twn.

Se analogÐa loipìn me ta prohgoÔmena, to “container” eÐnai to “TheDialogHud”
pou orÐzetai sto arqeÐo “./control/client/interfaces/dialogBox”. Perièqei to anti-
keÐmeno “dialogHud”, tÔpou “GuiMessageVectorCtrl”. To “MessageVector” gia to
keÐmeno twn dialìgwn eÐnai to “dialogVector”. Oi kl seic twn apaitoÔmenwn su-
nart sewn brÐskontai mèsa sto arqeÐo “./control/client/misc/dialogHud.cs”.

To mìno pou axÐzei na shmeiwjeÐ ed¸ eÐnai ìti qrei�zetai o paÐkthc na probeÐ se
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k�poia enèrgeia gia na emfanisteÐ h en lìgw ojình. Sugkekrimèna, ìtan o  rwac brejeÐ
se jèsh, mèsa sto eikonikì kìsmo, ìpou mporeÐ na allhlepidr�sei me to biblÐo   ton
fulakismèno (qrhsimopoieÐtai o mhqanismìc twn triggers gia ton èlegqo thc jèshc tou
paÐkth), tìte eidopoieÐtai o qr sthc (sthn ojình mhnum�twn) na pat sei to pl ktro
“F”. Me to pou pathjeÐ to pl ktro, o exuphretht c stèlnei m numa sthn pleur� tou
pel�th (readbook() kai dialogMessage() - bl. arqeÐo“./control/server/game.cs”) gia
na energ sei an�loga.

Sq ma 6.8: Ojình dialìgou

6.2.5 PuxÐda

Me to pl ktro “tilde” gÐnetai enallag  metaxÔ ojìnhc mhnum�twn kai puxÐdac. To
endiafèron ed¸ eÐnai o trìpoc me ton opoÐo <<st jhke>> h puxÐda.

H logik  pÐsw apì thn puxÐda eÐnai h qr sh mÐac tainÐac/lwrÐdac pou perièqei tic
dieujÔnseic tou orÐzonta. H tainÐa aut  brÐsketai mèsa se èna plaÐsio, sto mèso tou
opoÐou up�rqei ènac deÐkthc. O deÐkthc dhl¸nei thn kateÔjunsh proc thn opoÐa kineÐtai
o paÐkthc. To mustikì sthn ulopoÐhsh eÐnai ìti to plaÐsio paramènei stajerì kai autì
pou metakineÐtai eÐnai h tainÐa! Autì shmaÐnei ìti h tainÐa prèpei na eÐnai megalÔterh
apì to plaÐsio ètsi ¸ste na mhn up�rqei kenì (sto plaÐsio) kat� th metakÐnhs  thc.
Ta parap�nw faÐnontai sthn parak�tw eikìna.

Sq ma 6.9: Ta epimèrouc tm mata thc puxÐdac

H puxÐda sthn efarmog  arqikopoieÐtai ìpwc kai sthn eikìna. To tm ma thc tainÐac
pou perisseÔei den emfanÐzetai sto HUD (kat�llhlec diast�seic sto GUI antikeÐmeno
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pou apotup¸nei thn tainÐa) kai to mìno oratì eÐnai autì pou brÐsketai k�je for� mèsa
sto plaÐsio. Gia na mhn up�rxei potè kenì sto plaÐsio, h tainÐa prèpei na kineÐtai p�nta
arister�. ParathreÐste ìti me ton trìpo autì kai se sunduasmì me to p¸c kai pìsec
forèc anagr�fontai oi dieujÔnseic p�nw sthn tainÐa, mporoÔme na èqoume èndeixh gia
ìlec (tic dieujÔnseic tou orÐzonta).

Prèpei t¸ra na anaptuqjeÐ o mhqanismìc ekeÐnoc ìpou ja epitrèpei sthn puxÐda
na dÐnei swstèc endeÐxeic, me b�sh thn kÐnhsh tou paÐkth. Pr¸to b ma eÐnai na brejeÐ
proc ta pou kateujÔnetai o paÐkthc. Se autì ja bohj sei to eswterikì ginìmeno dÔo
dianusm�twn.

Arqik� qrhsimopoieÐtai to di�nusma “eyeVector” (kanonikopoihmèno) pou deÐqnei
thn kateÔjunsh proc thn opoÐa koit�ei o paÐkthc (to avatar tou paÐkth). To eswterikì
ginìmeno tou “eyeVector” me to di�nusma �1 0 0� (pou antistoiqeÐ sthn Anatol , ston
kìsmo tou paiqnidioÔ mac) mac dÐnei th dieÔjusnh tou dianÔsmatoc “eyeVector” se
sqèsh me to Borr�. Gia to eswterikì ginìmeno dÔo dianusm�twn A kai B gnwrÐzoume:

'Ara, kai se sunduasmì me to sq ma 6.10, arnhtik  tim  eswterikoÔ ginomènou sthn
perÐptwsh mac shmaÐnei ìti o paÐkthc koit�ei arister� se sqèsh me to Borr�.

Sq ma 6.10: EyeVector kai shmeÐa tou orÐzonta

Sth sunèqeia paÐrnoume eswterikì ginìmeno tou “eyeVector” me to di�nusma �0
1 0� (antistoiqeÐ sto Borr�, ston kìsmo tou paiqnidioÔ mac). Ousiastik� prìkeitai
gia to sunhmÐtono thc gwnÐac f metaxÔ aut¸n twn dianusm�twn afoÔ eÐnai kai ta dÔo
kanonikopoihmèna (monadiaÐou mètrou). Mèsw autoÔ mporoÔme plèon na upologÐsoume
th gwnÐa f se aktÐnia (arc cosine).

Apomènei loipìn na apotupwjeÐ h gwnÐa aut  p�nw sthn tainÐa thc puxÐdac   pio
swst� na antistoiq soume th metakÐnhsh thc tainÐac me th gwnÐa f, gia na èqoume
swst  èndeixh. O tÔpoc pou qrhsimopoieÐtai eÐnai:
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νέαΘέσηΤαινίας= 8/12 * ΠοσοστόΠεριστροφής * ΣχέσηΤαινίαςΜεΠλαίσιο * ΜήκοςΤαινίας

ìpou

• nèaJèshTainÐac: h jèsh thc tainÐac ston Q �xona. 'Eqei na k�nei me thn par�-
metro “position” tou GUI antikeimènou pou antistoiqeÐ sthn tainÐa,

• 8/12: to pl joc twn shmeÐwn tou orÐzonta pou jèloume na apotup¸soume proc
to pl joc twn shmeÐwn pou anagr�fontai sthn tainÐa,

• PosostìPeristrof c: h gwnÐa pou upologÐsthke proc 360,

• SqèshTainÐacMePlaÐsio: h pragmatik  di�stash “width” thc eikìnac thc tainÐac
wc proc thn pragmatik  di�stash “width” thc eikìnac tou plaisÐou (ètsi ìpwc
èqoun autèc apojukeuteÐ sto f�kelo ”./control/client/interfaces/art”),

• M kocTainÐac: h pragmatik  di�stash “width” thc eikìnac thc tainÐac.

Tìso ta antikeÐmena GUI ìso kai h sun�rthsh pou ulopoioÔn ta parap�nw brÐskontai
sto arqeÐo “./control/client/interfaces/compass.gui”.

Listing 6.4: To arqeÐo “./control/client/interfaces/compass.gui”
new GuiControl(compassInterface)
{

profile = "GuiDefaultProfile";
horizSizing = "width";
vertSizing = "height";
position = "0 0";
extent = "640 480";
minExtent = "8 8";
visible = "1";
noCursor = "1";
new GuiControl(container) {
profile = "GuiDefaultProfile";
horizSizing = "right";
vertSizing = "bottom";
position = "220 0";
extent = "400 50";
minExtent = "8 2";
visible = "1";

stripName = "compassStrip";
stripWidth = 1200;
new GuiBitmapCtrl(compassStrip) {
profile = "GuiDefaultProfile";
horizSizing = "right";
vertSizing = "bottom";
position = "0 0";
extent = "1200 50";
minExtent = "8 2";
visible = "1";
bitmap = "./art/compassStrip";
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wrap = "0";
};
new GuiBitmapCtrl(compassFrame) {

profile = "GuiDefaultProfile";
horizSizing = "right";
vertSizing = "bottom";
position = "0 0";
extent = "400 50";
minExtent = "8 2";
visible = "1";
bitmap = "./art/compassFrame";
wrap = "0";
};

};
};
//−−− OBJECT WRITE END −−−

function clientCmdUpdateCompassStrip (% facingVector)
{

//normalize facing vector (just in case)
%facingVector=vectorNormalize (% facingVector);
//dot product to check if we are looking east or west ("1 0

0"−>east)
%leftFacing =( vectorDot("1 0 0" ,%facingVector) <0) ? true :

f a l s e ;
//angle in RADIANS ( "0 1 0"−>forward(north) )
%forwardTheta=vectorDot("0 1 0" ,%facingVector);

//radians to degrees
i f (% leftFacing)

%rotationDegrees =360-( mACos (% forwardTheta)
*180/3.1415927);

e l se
%rotationDegrees=mACos (% forwardTheta)*180/3.1415927;

// We’ve created a strip that is three times as wide as the
frame, giving

// it 12 compass points vs. the normal 8.
//
// If we calculate our rotation as a percentage, account the

ratio 8/12, and
// scale based on our current extent vs. the pre−scaled

width of the image, we can
// calculate the exact position to place the strip at:

%curPosY=getWord(container.stripName.getPosition () ,1);
%curExtX=getWord(container.stripName.getExtent () ,0);
%curExtY=getWord(container.stripName.getExtent () ,1);

%percentageRot =% rotationDegrees /360.0;
%extentRatio =% curExtX/container.stripWidth;
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%newPosX = -1*(8/12 * %percentageRot * %extentRatio *
container.stripWidth);

container.stripName.resize (%newPosX ,%curPosY ,%curExtX ,%
curExtY);

}

function clientCmdmakeMessageBoxActive ()
{

Canvas.popDialog(compassInterface);
MainMessageHudContainer.visible= true;

}

'Oso h puxÐda eÐnai energ  o exuphretht c stèlnei ston pel�th to “eyeVector”,
to opoÐo suneq¸c metab�lletai kaj¸c all�zei dieujÔnseic o paÐkthc (bl. sun�rthsh
serverCmdCompass() mèsa sto “./control/server/game/cs”).

Sq ma 6.11: Emf�nish thc puxÐdac sto HUD

6.2.6 Blood Splash Screen

Prìkeitai gia thn ojình me thn opoÐa antilamb�netai o paÐkthc ìti èqei traumatisteÐ.
UlopoieÐtai wc antikeÐmeno tÔpou “GuiBitmapCtrl”, to opoÐo epitrèpei thn emf�nish
opoiasd pote eikìnac sthn ojình. Perièqetai sto container “PlayerInterface” to
opoÐo, ìpwc eÐdame kai nwrÐtera, eÐnai upeÔjuno gia ta perissìtera sustatik� tou
HUD.

H par�metroc “visible” tou GUI antikeÐmenou thc “Blood Splash Screen” arqiko-
poieÐtai se mhdèn. Mìno ìtan o paÐkthc traumatisteÐ paÐrnei thn tim  1 kai energopoieÐ-
tai h en lìgw ojình. H eikìna pou prèpei na emfanisteÐ dhl¸netai sthn par�metro
“bitmap”. KalÔptei ìlo to HUD k�nontac dÔskolh thn plo ghsh tou paÐkth. Sta-
diak� arqÐzei kai apenergopoieÐtai.
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Gia na epiteuqjeÐ autì qrhsimopoi jhkan 4 Ðdiec eikìnec me diaforetik  tim  dia-
f�neiac (transparency) h k�je mÐa. H sun�rthsh fadeOut() (bl. “./control/clien-
t/interfaces/playerInterface.gui”) analamb�nei na fort¸nei (na all�zei dhlad  thn
par�metro “bitmap”) thn <<perissìtero diafan >> apì thn prohgoÔmenh eikìna, an�
misì deuterìlepto. 'Otan emfanisteÐ kai h teleutaÐa epanafèroume thn tim  0 sthn
par�metro “visible”.

EpÐshc se diadoqik� qtup mata èqei gÐnei programmatismìc ¸ste na stamat sei to
efè kai na xekin sei h ìlh diadikasÐa apì thn pr¸th eikìna kai p�li (bl. ClearSched-
uledEvents() sto Ðdio arqeÐo me prin).

Sq ma 6.12: Blood Splash Screen

6.2.7 Ojìnec allhlepÐdrashc me upologist 

O paÐkthc mporeÐ na allhlepidr�sei me hlektronikì upologist  gia na sugkentr¸sei
plhroforÐec. To nèo stoiqeÐo pou mpaÐnei ed¸ eÐnai h dhmiourgÐa grafik¸n diasundèse-
wn ìpou dèqontai eisìdouc apì to plhktrolìgio ìpwc sumbaÐnei kai ston pragmatikì
kìsmo.

Ta antikeÐmena GUI loipìn pou ulopoi jhkan eÐnai tÔpou “GuiTextEditCtrl” ìpou
dèqontai wc eÐsodo mÐa apl  gramm  keimènou. Apì ekeÐ kai pèra sundu�zontai di�fora
antikeÐmena GUI, ìpwc aut� pou eÐdame parap�nw, gia na emfanisteÐ h eikìna pou
apeikonÐzei ton upologist , h epif�neia ergasÐac tou, par�jura pou anoÐgoun kai
parousi�zoun mhnÔmata ktl. Par�llhla anaptÔqjhkan oi kat�llhlec sunart seic
pou diaqeirÐzontai thn eÐsodo tou qr sth kai elègqoun gia par�deigma an o kwdikìc
prìsbashc ston upologist  eÐnai ègkuroc,   an dìjhke entol  gia �noigma k�poiou
arqeÐou.
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Sq ma 6.13: AllhlepÐdrash me upologist 

6.3 SÔsthma katagraf c (Inventory System)

O paÐkthc kat� thn peri ghsh tou ston kìsmo tou paiqnidioÔ brÐskei antikeÐmena me
ta opoÐa mporeÐ na allhlepidr�sei. K�poia apì aut� mporeÐ na ta mazèyei kai na ta
qrhsimopoi sei. Ed¸ èrqetai h ènnoia tou sust matoc katagraf c (inventory sys-
tem). ApoteleÐ ènan eniaÐo trìpo parousÐashc twn antikeimènwn tou qr sth, dÐnont�c
tou th dunatìthta na parathr sei tic idiìthtèc twn antikeimènwn pou koubal�ei kai
endeqomènwc na epilèxei k�poio apì aut� proc qr sh. Sun jwc autì gÐnetai mèsw
enìc nèou parajÔrou.

To sÔsthma sto parìn paiqnÐdi eÐnai pio aplì. O paÐkthc mporeÐ na sugkentr¸sei
pakèta enèrgeiac, ìpla, polemofìdia kai m�ska aerÐwn. NwrÐtera eÐdame tic jèseic
sto HUD ìpou aut� katagr�fontai. H qr sh touc eÐnai �mesh me k�poio koumpÐ (“R”
gia to pakèto enèrgeiac, dexÐ klik tou pontikioÔ gia to ìplo, “M” gia th m�ska) kai
par�llhla enhmer¸nontai oi antÐstoiqec ojìnec.

Sunoptik�, sto shmeÐo autì, ja doÔme ton trìpo me ton opoÐo ulopoi jhke to
sÔsthma katagraf c. Pr¸ta apì ìla na shmeiwjeÐ ìti ta antikeÐmena ta opoÐa mporeÐ
na sullèxei o qr sthc an koun sthn kl�sh “Item”. To antÐstoiqo datablock eÐnai to
“ItemData”.

Gia k�je antikeÐmeno pou jèloume na krat�me sto sÔsthma mac èqei oristeÐ èna
sqetikìc pÐnakac stic idiìthtec tou avatar. O pÐnakac autìc krat�ei to mègisto a-
rijmì apì to sugkekrimèno antikeÐmeno pou mporeÐ na èqei sth di�jes  tou o paÐkthc.
Gia par�deigma, to parak�tw tm ma k¸dika eÐnai o orismìc tou datablock pou qrh-
simopoioÔme gia to antikeÐmeno tÔpou “Player” pou elègqei o paÐkthc. Oi tèsseric
teleutaÐec grammèc thc d lwshc orÐzoun ìti o paÐkthc mporeÐ na diajètei mèqri èna
ìplo, enni� pakèta enèrgeiac, triakìsiec sfaÐrec kai mÐa m�ska aerÐou.

datablock PlayerData(JackShepard)
{

shapeFile="~/data/avatars/jackShepard.dts";
emap= true;
renderFirstPerson= true;

cameraMaxDist =4;
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firstPersonOnly= f a l s e ;
observeThroughObject= true;
cameraDefaultFOV =90;
cameraMinFOV =45;
cameraMaxFOV =120;
minLookAngle = -1.05; //look up
maxLookAngle =1.00;
maxFreeLookAngle =2.1;

mass =90;
density =10;
drag =0.3;
maxDrag =0.4;
maxDamage =100;
maxEnergy =100;
repairRate =0.35; //health
rechargeRate =0; //energy

footStepsOn= f a l s e ;

maxForwardSpeed =15;
maxBackwardSpeed =12;
maxSideSpeed =12;
minJumpSpeed =20;
maxJumpSpeed =30;
runSurfaceAngle =44;
jumpSurfaceAngle =63;

runForce =48*90;
jumpForce =8*90;

runEnergyDrain =0;
jumpEnergyDrain =0;
minRunEnergy =0;
minJumpEnergy =0;

recoverDelay =62.5; //delay after a fall
recoverRunForceScale =1.2;
minImpactSpeed =15;
speedDamageScale =1.0;

groundImpactMinSpeed =10.5;
groundImpactShakeFreq="4.0 4.0 4.0";
groundImpactShakeAmp="1.25 1.25 1.25";
groundImpactShakeDuration =1.25;
groundImpactShakeFalloff =8.0;

//multiplier for hit that causes damage (from enemy)
headHit =1.45;
torsoHit =0.55;
legsHit =0.10;

maxInventory[HealthKit ]=9;
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maxInventory[MP5 ]=1;
maxInventory[MP5Ammo ]=300;
maxInventory[GasMask ]=1;

};

Ac doÔme tic enèrgeiec pou sumbaÐnoun me to pou èrjei o paÐkthc se epaf  me
to ìplo. KaleÐtai h JackShepard::onCollision() (ìpou “JackShepard” eÐnai tÔpou
“PlayerData” kai eÐnai to datablock tou  rwa) h opoÐa me th seir� thc kaleÐ th mèjodo
collision() tou ìplou (ìpwc eÐpame ta antikeÐmena me ta opoÐa allhlepidr�me eÐnai thc
kl�shc “Item” �ra kaleÐtai h Item::collision()). Apì ekeÐ o èlegqoc metafèretai
sthn ShapeBase::pickup() (ìla ta antikeÐmena pou sqedi�zontai sth skhn  èqoun thn
“ShapeBase” wc gonèa-anatrèxte sto par�rthma me to dèndro klhronomikìthtac). H
mèjodoc aut  qrhsimopoieÐ to datablock tou antikeimènou me to opoÐo  rjame se epaf 
gia na kalèsei thn kat�llhlh mèjodo onPickup().

Ed¸ mpaÐnei o polumorfismìc thc gl¸ssac. To datablock tou ìplou eÐnai to
antikeÐmeno “MP5” pou eÐnai tÔpou ItemData. O orismìc tou faÐnetai sto parak�tw
tm ma k¸dika:

datablock ItemData(MP5)
{

category = "Weapon";

//Hook into Item Weapon class hierarchy. The weapon namespace
//provides common weapon handling functions in addition to
//hooks into the inventory system.
className = "Weapon";

//Basic Item properties
shapeFile = "~/data/items/gunAK47.dts";
mass = 1;
elasticity = 0.2;
friction = 0.6;
emap = true;

canPickup = 1;

// Dynamic properties defined by the scripts
pickUpName = "a machinegun";
image = MP5Image;
ammount =1;

};

To pedÐo “className” prosjètei to namespace “Weapon” metaxÔ “MP5” kai
“ItemData”. MporoÔme na to fantastoÔme san dhmiourgÐa miac nèac kathgorÐac ìpou
ent�ssoume ìla ta ìpla tou paiqnidioÔ. Plèon gia k�je mèjodo pou kaleÐtai gÐnetai
èlegqoc an an kei sto q¸ro onom�twn “MP5”. An nai tìte èqei kal¸c. An ìqi
metaferìmaste sto q¸ro onom�twn “Weapon”. An oÔte ekeÐ antistoiqeÐ h mèjodoc,
metaferìmaste sto “ItemData” kai p�ei lègontac mèqri na entopÐsoume th sun�rthsh
sthn ierarqÐa twn kl�sewn.

Epistrèfontac sto prìgramma, den up�rqei MP5::onPickup(), opìte metaferìmaste
sthn Weapon::onPickup() h opoÐa me th seir� thc kaleÐ to gonèa, dhlad  thn Item-
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Data::onPickup(). EkeÐ gÐnontai oi èlegqoi gia to an o paÐkthc mporeÐ na mazèyei
to antikeÐmeno (kai den up�rqei  dh k�poio ìplo). An nai, oi incInventory() kai set-
Inventory() mèjodoi thc “ShapeBase” kl�shc enhmer¸noun kat�llhla to sÔsthma
katagraf c kai tic antÐstoiqec ojìnec tou HUD.

H Ðdia akoloujÐa apì kl seic sumbaÐnei kai me k�je antikeÐmeno pou mazeÔoume.
Fusik� to prìgramma frontÐzei k�je for� na kalèsei tic mejìdouc pou an koun sto
Ðdio q¸ro onom�twn me to antikeÐmeno (gia par�deigma an mazèyoume sfaÐrec gia to
ìplo, tìte h Weapon::onPickup() den kaleÐtai miac kai oi sfaÐrec den an koun se
autì to q¸ro onom�twn-apeujeÐac gÐnetai kl sh thc ItemData::onPickup()).

SÐgoura h parap�nw perigraf  den eÐnai arket  gia autì kai akoloujeÐ ènac pÐ-
nakac me tic sunart seic pou anafèrjhkan kai ta arqeÐa mèsa sta opoÐa dhl¸nontai.
O k¸dikac twn arqeÐwn aut¸n sunodeÔetai me arket� sqìlia kai gÐnetai eÔkola kata-
nohtìc:

Mèjodoc ArqeÐo

JackShepard::onCollision() ./control/server/players/player.cs

Item::collision() ./control/server/misc/item.cs

ShapeBase::pickup() ./control/server/misc/inventorySystem.cs

Weapon::onPickup() ./control/server/weapons/weapon.cs

ItemData::onPickup() ./control/server/misc/item.cs

ShapeBase::incInventory() ./control/server/misc/inventorySystem.cs

ShapeBase::setInventory() ./control/server/misc/inventorySystem.cs

PÐnakac 6.1: Kat�logoc sunart sewn gia thn ulopoÐhsh tou sust matoc katagraf c

6.4 Teqnht  NohmosÔnh (Artificial Intelligence - AI)

'Ena apì ta shmantikìtera <<sustatik�>> twn hlektronik¸n paiqnidi¸n eÐnai autì thc
teqnht c nohmosÔnhc. Sta paiqnÐdia, h teqnik  nohmosÔnh èqei na k�nei
kurÐwc me ton trìpo pou sumperifèrontai oi qarakt rec pou den
elègqontai apì ton paÐkth (bots   NPC).

H Torque den èqei k�poio sÔsthma teqnht c nohmosÔnhc. Qrei�sthke loipìn na
programmatistoÔn oi eqjroÐ ètsi ¸ste na mporoÔn na kinhjoÔn sto q¸ro, na entopÐ-
zoun ton paÐkth, na epitÐjentai kai genik� na èqoun mia prosarmozìmenh sumperifor�
gia tic katast�seic pou prokÔptoun kat� th di�rkeia tou paiqnidioÔ. O k¸dikac autìc
brÐsketai sto arqeÐo “./control/server/players/ai new.cs”.
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6.4.1 Mhqan  Peperasmènwn Katast�sewn

MÐa apì tic pio sunhjismènec teqnikèc gia ton programmatismì thc teqnht c nohmo-
sÔnhc, sta hlektronik� paiqnÐdia, eÐnai aut  thc mhqan c peperasmènwn ka-
tast�sewn (FSM). K�je antikeÐmeno pou qeirÐzetai o upologist c
xekin�ei me k�poia arqik  kat�stash kai an�loga me ta <árejÐsma-
ta>> pou dèqetai metabaÐnei se k�poia �llh.

Sthn paroÔsa efarmog  èqoume pènte dunatèc katast�seic stic opoÐec mporeÐ
na brejeÐ to bot. Oi katast�seic autèc faÐnontai sto parak�tw sq ma, mazÐ me tic
sunj kec met�bashc:

Sq ma 6.14: Mhqan  peperasmènwn katast�sewn gia ta bots

ìpou,

• G1: èqei mesolab sei tuqaÐo qronikì di�sthma,

• G2: èqei entopisteÐ o paÐkthc,

• G3: èqei entopisteÐ o paÐkthc kai to bot èqei thn idiìthta tou defender,

• A1: o stìqoc èqei qajeÐ kai to bot èqei metabeÐ  dh sthn teleutaÐa jèsh pou
ton eÐqe entopÐsei,

• P1: èqei dianÔsei tuqaÐa apìstash,

• D1: èqei brejeÐ sthn teleutaÐa jèsh k�luyhc,
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• D2: o paÐkthc den eÐnai oratìc sto bot gia 3 deuterìlepta,

• Pth1: to bot èqei qtup sei to sunagermì.

H mhqan  katast�sewn orÐzetai mèsa sth mèjodo AIPlayerDB::Think(). K�je
for� pou oloklhr¸netai ènac kÔkloc, to bot <<xanaskèftetai>> met� apì k�poio qrìno.
O qrìnoc autìc eÐnai metablhtìc kai exart�tai apì to pìso kont� brÐsketai o paÐkthc.
'Oso pio kont� tìso pio gr gorh antÐdrash prèpei na èqoume (el�qistoc qrìnoc metaxÔ
diadoqik¸n kl sewn thc “Think()” eÐnai ta 500ms). Se antÐjeth perÐptwsh o qrìnoc
apìkrishc aux�netai. Me ton trìpo autì exoikonomoÔme kÔklouc tou epexergast  se
perÐptwsh pou o paÐkthc brÐsketai se meg�lh aktÐna apì ton eqjrì.

Guarding

EÐnai h kat�stash sthn opoÐa xekin�ei to bot. K�je bot topojeteÐtai se sugkekrimènh
jèsh mèsa sth skhn . H jèsh aut  eÐnai h <<skopi�>> gia to ek�stote bot. 'Eqoun ori-
steÐ par�metroi pou kajorÐzoun th mègisth apìstash sthn opoÐa mporoÔn na doun kai
th mègisth gwnÐa jèashc. An� tuqaÐa diast mata all�zoun dieÔjunsh kai parathroÔn
proc �llo shmeÐo tou orÐzonta.

Attacking

Ta bots èqoun entopÐsei ton paÐkth kai kateujÔnontai proc to mèroc tou. H kÐnhsh
gÐnetai se eujeÐa gramm . Par�llhla eidopoioÔn ìlouc touc geÐtonèc touc gia ton
eqjrì. 'Olec oi <�isj seic >> aux�nontai (h gwnÐa jèashc all�zei stic 360 moÐrec en¸
o <<qrìnoc skèyhc >> eÐnai o el�qistoc twn 500ms). 'Eqei kajoristeÐ mÐa el�qisth apì-
stash sthn opoÐa prèpei na brejoÔn apì ton stìqo touc prin arqÐsoun na puroboloÔn.
K�je for� pou o stìqoc q�netai prospajoÔn na metaboÔn sto teleutaÐo shmeÐo pou
autìc eje�jh.

Patrol

To bot af nei th jèsh pou briskìtane sthn kat�stash “Guarding”. An aut   tane h
arqik  jèsh (skopi�), kateujÔnetai k�poia mètra proc th dieÔjunsh pou koitoÔse sto
tèloc thc kat�stashc “Guarding”. Se antÐjeth perÐptwsh prospajeÐ na epistrèyei
sthn arqik  jèsh fÔlaxhc.

Defending

Se aut  thn kat�stash mporoÔn na mpoun mìno oi “defenders”. 'Etsi onom�zontai ta
bots pou stìqoc touc eÐnai na shm�noun sunagermì me to pou entopÐsoun ton paÐkth.
Sthn kat�stash aut  ta bots puroboloÔn, an o eqjrìc eÐnai sto optikì touc pedÐo
kai se kontin  apìstash, all� den ton kunhgoÔn! Antijètwc metabaÐnoun se tuqaÐec
jèseic me stìqo na kalufjoÔn.

Pathing

'Opwc kai prin mìno oi “defenders” mporoÔn na brejoÔn se aut n thn kat�stash. An
o paÐkthc eÐnai sto optikì touc pedÐo puroboloÔn, en¸ par�llhla kateujÔnontai proc

PoluteqneÐo Kr thc
Tm ma Hlektronik¸n Mhqanik¸n & Mhqanik¸n Upologist¸n



Kef�laio 6 107

th jèsh pou brÐsketai o sunagermìc. Gia thn kÐnhsh ed¸ qrhsimopoi jhke h mèjodoc
“path-following”, dhlad  h kÐnhsh p�nw se kajorismèna monop�tia.
Ta monop�tia aut� den eÐnai tÐpota parap�nw apì èna sÔnolo sh-
meÐwn/kìmbwn p�nw sto èdafoc thc apostol c kai dhl¸nontai sto
arqeÐo thc apostol c. Programmatistik� kajorÐzoume me poia sei-
r� ja prospel�soun oi “defenders” touc kìmbouc. Ft�nontac sto tèloc
tou monopatioÔ, energopoioÔn to sunagermì.

6.4.2 Enèrgeiec twn bots

Autì pou prèpei na lamb�noume upìyin k�je for� pou programmatÐzoume to AI eÐnai
na mhn parèqoume <<kruf >> plhroforÐa sta bots. Gia par�deigma, an o paÐkthc brejeÐ
se jèsh apì thn opoÐa den eÐnai oratìc sto bot tìte, sto teleutaÐo, den eÐnai swst 
taktik  na tou <<d¸soume>> tic suntetagmènec tou paÐkth, ètsi ¸ste autì na mporèsei
na ton entopÐsei.

Entopismìc

O entopismìc tou paÐkth apì to bot gÐnetai se treic f�seic. Arqik� elègqetai h metaxÔ
touc apìstash. Se k�je bot up�rqei metablht  pou kajorÐzei th mègisth apìstash
sthn opoÐa mporeÐ na blèpei.

An o paÐkthc eÐnai mèsa sthn aktÐna tou bot tìte gÐnetai èlegqoc gia th gwnÐa
pou brÐsketai se sqèsh me autì. H gwnÐa jèashc (FOV) gia ton qarakt ra
pou elègqetai apì ton upologist  arqikopoieÐtai stic 140 moÐrec, ektìc kai an o
paÐkthc brejeÐ uperbolik� kont�. Sth teleutaÐa aut  perÐptwsh h en lìgw gwnÐa
paÐrnei thn tim  twn 360 moir¸n (se ìpoia gwnÐa dhlad  kai na brÐsketai o paÐkthc
ja entopisteÐ �mesa). DÐnoume ètsi thn aÐsjhsh ìti to bot <�kouse>> ton  rwa, me ìti
autì sunep�getai.

O upologismìc thc gwnÐac sthn opoÐa brÐsketai o paÐkthc se sqèsh me to bot,
epitugq�netai me tic mejìdouc getBearingAngle() kai getRelativeAngle() thc kl�shc
“AIPlayer”:

//∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
//∗ function AIPlayer::getBearingAngle(%bot)
//∗Args:
//∗ (1)%bot: the AI player
//∗Returns:
//∗ the bearing angle (angle between
//∗north direction and facing vector)
//∗Purpose:
//∗ Where the bot is facing
//∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
function AIPlayer :: getBearingAngle (%bot)
{

%bearingAngle=getWord (%bot.rotation ,3);
i f (getWord (%bot.rotation ,2)$=" -1")

%bearingAngle =360 -% bearingAngle;
return %bearingAngle;

}
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//∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
//∗ function AIPlayer::getReativeBearingAngle(%bot,%enemy)
//∗Args:
//∗ (1)%bot: the AI player
//∗ (2)%enemy: a player’s avatar
//∗Returns:
//∗ bearing angle of the enemy from the bot (we use
//∗the bot’s position as the zero point (0,0))
//∗Purpose:
//∗ Use the bot’s position as the zero point (0,0)
//∗and check where is the player (angle). Calculate
//∗bearing angle that is depended on the quadrant
//∗the enemy is.
//∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
function AIPlayer :: getRelativeBearingAngle (%bot ,%enemy)
{

//assume that bot and enemy are at the same level z
%xBot=getWord (%bot.getPosition () ,0);
%yBot=getWord (%bot.getPosition () ,1);
%xEnemy=getWord (%enemy.getPosition () ,0);
%yEnemy=getWord (%enemy.getPosition () ,1);

%x=%xEnemy -%xBot;
%y=%yEnemy -%yBot;

i f (%x!=0)
{

%slope=%y/%x;
// We use bot’s x,y position as the start point
//so we get 4 quadrants. %angle is the angle between
//x+ vector or x− vector (start) and the enemy vector
//(finish) and is −90degrees<%angle<90degrees.
%angle=mRadToDeg(mATan(%slope ,1));

// We dont need the sign just the absolute value
%angle=mAbs(% angle);

}
e l se

%angle =90; //enemy on y−axis

// Calculate the bearing angle−−it is depended on
//the quadrant where the enemy is
i f ( (%x>=0) && (%y>=0) ) //enemy in quadrant 1, 0−90degs

%bearingAngle =90-% angle;
e l se i f ( (%x>=0) && (%y<0) ) //enemy in quadrant 2,

90.001−180degs
%bearingAngle =90+% angle;

e l se i f ( (%x<0) && (%y<0) ) //enemy in quadrant 3,
180.001−269.999degs
%bearingAngle =270 -% angle;

e l se //enemy in quadrant 4, 270−359.999degs
%bearingAngle =270+% angle;
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return %bearingAngle;
}

H pr¸th upologÐzei th gwnÐa pou sqhmatÐzei to “eyeVector” tou bot me to gew-
grafikì Borr�. H deÔterh paÐrnei wc shmeÐo anafor�c th jèsh tou bot kai brÐskei
th gwnÐa pou brÐsketai o paÐkthc. H gwnÐa aut  exart�tai apì to tetarthmìrio mèsa
sto opoÐo eÐnai o teleutaÐoc.

Ta apotelèsmata aut¸n twn mejìdwn epexerg�zontai apì th mèjodo checkArcOf-
Sight() thc “AIPlayer” ètsi ¸ste na doÔme an o paÐkthc brÐsketai mèsa sto optikì
pedÐo tou bot:

function AIPlayer :: checkArcOfSight (%bot ,%enemy)
{

%botBearingAngle =%bot.getBearingAngle ();
%arcOfSightRight =% botBearingAngle +%bot.fov/2;
%arcOfSightLeft =% botBearingAngle -%bot.fov/2;
%relativeAngle =%bot.getRelativeBearingAngle (%enemy);

i f ( (% arcOfSightLeft <=% relativeAngle) && (% relativeAngle <=%
arcOfSightRight) )
%spot= true;

e l se
{

i f (% arcOfSightRight >=360)
{

%arcOfSightRight =% arcOfSightRight -360;
i f ( (0<=% relativeAngle) && (% relativeAngle <=%

arcOfSightRight) )
%spot= true;

e l se
%spot= f a l s e ;

}
e l se i f (% arcOfSightLeft <0)
{

%arcOfSightLeft =% arcOfSightLeft +360;
i f ( (% arcOfSightLeft <=% relativeAngle) && (%

relativeAngle <=360) )
%spot= true;

e l se
%spot= f a l s e ;

}
e l se

%spot= f a l s e ;
}
return %spot;

}

O trÐtoc kai teleutaÐoc èlegqoc pou gÐnetai, an kai o prohgoÔmenoc  tane alhj c,
eÐnai gia to legìmeno “line of sight” (LOS). Mia aktÐna xekin�ei apì to Ôyoc pou
brÐskontai ta m�tia tou montèlou tou bot kai kateujÔnetai proc th jèsh tou paÐkth
(raycasting). An den up�rqei empìdio (gia par�deigma o paÐkthc den brÐsketai pÐsw

PoluteqneÐo Kr thc
Tm ma Hlektronik¸n Mhqanik¸n & Mhqanik¸n Upologist¸n



110 Enìthta 6.4

apì k�poio kt rio), tìte kai autìc o èlegqoc eÐnai alhj c kai o paÐkthc èqei entopisteÐ!

Met�bash se kalÔterh jèsh

'Opwc eÐdame nwrÐtera, sthn kat�stash “Attacking” to bot prospajeÐ na plhsi�sei
ton paÐkth, kinoÔmeno se eujeÐa poreÐa. Ac doÔme to parak�tw sq ma:

Sq ma 6.15: KÐnhsh tou bot proc ton paÐkth

Arqik� h jèsh tou paÐkth eÐnai sto LOS tou bot. Kaj¸c ìmwc to bot kineÐtai,
to kt rio mpaÐnei sto LOS me apotèlesma o paÐkthc na mhn eÐnai plèon oratìc. Sthn
perÐptwsh aut  h kÐnhsh diakìptetai kai to bot prospajeÐ na metakinhjeÐ se kalÔtero
shmeÐo, ìpou ja mporeÐ na dei kai p�li th jèsh tou paÐkth. 'Iswc o  rwac na èqei
fÔgei apì ekeÐ. O eqjrìc <<jum�tai>> to teleutaÐo shmeÐo pou ton eÐqe entopÐsei!

Poi� eÐnai ìmwc h kalÔterh jèsh pou mporeÐ na metabeÐ; DeÐte to sq ma pou
akoloujeÐ:

Sq ma 6.16: Met�bash tou bot se kalÔterh jèsh

An to bot stam�thse thn kÐnhsh tou, gia par�deigma, sthn pleur� A kai h jèsh
tou paÐkth (Q1) eÐnai sthn B (plaðn  thc A), tìte metabaÐnei kont� sth gwnÐa pou sqh-
matÐzoun autèc oi dÔo. Aut  eÐnai h apl  perÐptwsh. An sumbeÐ to bot kai h teleutaÐa
gnwst  jèsh tou paÐkth na eÐnai se antÐjetec pleurèc (Q2), tìte elègqetai pr¸ta
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poia plaðn  pleur� tou empodÐou eÐnai pio kont� ston paÐkth kai ekeÐ kateujÔnetai to
bot. Plèon eÐmaste sthn pr¸th perÐptwsh kai to bot energeÐ ìpwc perigr�yame.

Empìdia kat� thn kÐnhsh

Kat� thn kÐnhsh tou to bot mporeÐ na sunant sei k�poio empìdio kai na koll sei.
Pr¸ta apì ìla prèpei na anaptÔxoume èna mhqanismì ¸ste na xèroume ìti to bot
kìllhse. To teleutaÐo pr�gma pou jèloume na doÔme sthn efarmog  mac eÐnai ènac
qarakt rac pou prospajeÐ, me tic ¸rec, na per�sei mèsa apì ton toÐqo enìc kthrÐou!

H logik  eÐnai idiaÐtera apl  kai sthrÐzetai sthn apìstash pou dianÔei to bot. MÐa
metablht  qrhsimopoieÐtai wc shmaÐa gia na dhl¸sei ìti to bot kineÐtai (perÐptwsh
peripolÐac gia par�deigma). K�je for� pou mpaÐnoume sthn Think() gÐnetai èlegqoc
thc jèshc pou ekeÐnh th stigm  brÐsketai to bot kai thc jèshc pou briskìtane sto
prohgoÔmeno pèrasma. Me b�sh autèc tic dÔo, upologÐzetai h apìstash pou èqei
dianÔsei. An eÐnai polÔ mikr , dhlad  mikrìterh apì 1wu, jewroÔme ìti èqei koll sei.

Se aut n thn perÐptwsh dÐnetai mÐa mikr  ¸jhsh ston Z �xona tou bot ¸ste na
pragmatopoi sei �lma. An sto epìmeno kÔklo thc Think() h apìstash metablhjeÐ,
suneqÐzei kanonik� thn poreÐa tou. An ìqi, stamat�me to bot se ekeÐno to shmeÐo kai to
b�zoume se kat�stash “Guarding”. 'Otan xanampeÐ se peripolÐa, up�rqei pijanìthta
na kinhjeÐ se antÐjeth kateÔjunsh apì to empìdio.

6.5 SunoyÐzontac

Sto kef�laio pou mìlic oloklhr¸jhke perigr�fhke apì pleur�c k¸dika plèon, h
ulopoÐhsh tou paiqnidioÔ “WaterWar”. Staj kame kurÐwc se jèmata pou èqoun na
k�noun me ta grafik� perib�llonta diasÔndeshc kai me thn teqnht  nohmosÔnh. EÐnai
adÔnato na perigr�youme analutik� ìla ta tm mata k¸dika.

Ektìc loipìn twn parap�nw, èqoun efarmosteÐ ìlec oi teqnikèc pou qrhsimo-
poioÔntai sthn an�ptuxh binteopaiqnidi¸n me th qr sh k�poiac mhqan c. 'Etsi èqoun
programmatisteÐ ta aparaÐthta �triggers”, pou kat� kÔrio lìgo eÐnai perio-
qèc mèsa sth skhn , stic opoÐec ìtan brejeÐ o paÐkthc, sumbaÐnei
<�utìmata>> k�poio gegonìc (gia par�deigma, akoÔgetai èna hqhtikì m numa).
Up�rqei epÐshc o k¸dikac pou frontÐzei gia ta efè ìpwc o kapnìc kai oi spÐjec. Se
ìlec sqedìn tic mhqanèc paiqnidi¸n autì epitugq�netai me tic ontìthtec particles
kai emitters. Oi pr¸tec eÐnai sthn ousÐa ta eikonÐdia pou qrhsimopoioÔntai gia tic
spÐjec, gia par�deigma, en¸ oi deÔterec eÐnai ekeÐnec pou kajorÐzoun to shmeÐo apì to
opoÐo ekpèmpontai ta particles, th suqnìthta ekpomp c, th di�rkeia zw c ktl. Fusik�
se èna paiqnÐdi den ja mporoÔse na leÐpoun kai oi  qoi. H ulopoÐhs  touc den eÐnai
k�ti to idiaÐtero miac kai h mhqan  mac parèqei ètoimec mejìdouc gia autì.
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Kef�laio 7

Game Over

Met� apì treic m nec sugkèntrwshc tou ulikoÔ, melèthc kai proetoimasÐac twn mo-
ntèlwn kai enni� m nec sqedÐashc kai programmatismoÔ tou paiqnidioÔ, h diplwmatik 
ergasÐa èftase sto tèloc thc. Autì pou ulopoi jhke eÐnai èna trisdi�stato paiqnÐdi,
kathgorÐac FPS, enìc kai mìno paÐkth, qrhsimopoi¸ntac th mhqan  “Torque Game
Engine”.

7.1 Sunoptik� to WaterWar

To “WaterWar” eÐnai èna paiqnÐdi pr¸tou pros¸pou bol c gia hlektronikì upolo-
gist  (perib�llon Windows). O paÐkthc analamb�nei to rìlo enìc strati¸th ìpou
periplaniètai k�pou sthn afrik�nikh  peiro me stìqo na brei to polutimìtero agajì
pou èqei apomeÐnei: to nerì! 'Enoplh om�da andr¸n èqei krÔyei mèsa se stratiwtik 
perioq  èna mpouk�li me pìsimo nerì. Gia na to apokt sei o paÐkthc ja prèpei na pole-
m sei enantÐon touc all� kai na sugkentr¸sei plhroforÐec pou ja ton odhg soun sto
stìqo tou. Oi plhroforÐec autèc sullègontai eÐnai me epaf  me k�poio antikeÐmeno
(p.q. dèndro), eÐte me sunomilÐa me �llouc qarakt rec all� akìma kai me <<q�kingk>>
upologist¸n!

Gia thn plo ghsh ston kìsmo tou paiqnidioÔ apaitoÔntai plhktrolìgio kai pontÐki:

• KÐnhsh:

– koumpÐ “W”: kÐnhsh proc ta emprìc,

– koumpÐ “S”: kÐnhsh proc ta pÐsw,

– koumpÐ “A”: pl�gia b mata arister�,

– koumpÐ “D”: pl�gia b mata dexi�,

– koumpÐ “space”: �lma,

– pontÐki: allag  dieÔjunshc paÐkth,

• Enèrgeiec:

– aristerì koumpÐ pontikioÔ: purodìthsh ìplou,

– koumpÐ “F”: allhlepÐdrash me antikeÐmena (p.q. qr sh kanonioÔ)   �llouc
qarakt rec,
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– koumpÐ “R”: qr sh pakètou enèrgeiac,

– koumpÐ “M”: qr sh m�skac aerÐwn,

• 'Alla:

– koumpÐ “tab”: enallag  apì k�mera trÐtou pros¸pou se k�mera pr¸tou,

– koumpÐ “tilde”: emf�nish/apìkruyh puxÐdac,

– koumpÐ “Alt + Enter”: pl rhc ojình.

Gia na xekin sei to paiqnÐdi to mìno pou qrei�zetai eÐnai h antigraf  tou fakèlou
“WaterWar” sto sklhrì dÐsko tou upologist  kai h ektèlesh tou “torqueDemo.exe”.
H efarmog  termatÐzei ìtan o paÐkthc ft�sei sto stìqo   me to koumpÐ “Esc”.

7.2 Dokim  tou paiqnidioÔ

Me thn olokl rws  tou to paiqnÐdi dianem jhke se treic foithtèc tou PoluteqneÐ-
ou Kr thc gia tic aparaÐthtec dokimèc. AfoÔ diorj¸jhkan sf�lmata ston k¸dika
pou prokaloÔsan bÐaio termatismì thc efarmog c, èginan allagèc sth diepaf  tou
paiqnidioÔ me to qr sth (mèsw plhktrologÐou).

Kai oi treic dokimastèc paraponèjhkan gia to epÐpedo duskolÐac. Arqik� oi e-
qjroÐ tou paiqnidioÔ  tane idiaÐtera dÔskolo na kamfjoÔn. Autì eÐqe wc apotèlesma
o paÐkthc na kour�zetai, na xekin�ei suneq¸c to paiqnÐdi apì to monadikì shmeÐo epa-
nèntax c tou kai na q�nei to endiafèron tou kai sunep¸c thn prosp�jeia termatismoÔ
tou paiqnidioÔ.

Autì od ghse pr¸ta apì ìla ston orismì tri¸n shmeÐwn epanatopojèthshc tou
 rwa met� apì ton j�natì tou. An�loga me th jèsh pou h enèrgeia tou mhdenÐsth-
ke, kajorÐsthke kai èna sqetik� kontinì se aut  shmeÐo, me apotèlesma o paÐkthc na
mhn xekin�ei k�je for� apì to prwtarqikì shmeÐo eisìdou. EpÐshc ègine allag  sto
koumpÐ me to opoÐo o paÐkthc anakt� mèroc thc enèrgei�c tou. Prin tic dokimèc qrh-
simopoioÔtan to koumpÐ “H”. Parathr jhke ìti se èna sunhjismèno plhktrolìgio, to
koumpÐ “R” eÐnai pio leitourgikì kaj¸c den qrei�zetai o qr sthc na af nei ta d�ktula
tou apì ta koumpi� kin sewc kai mporeÐ na k�nei qr sh pakètwn enèrgeiac akìma kai
ìtan dèqetai epÐjesh. Tèloc, programmatistik�, mei¸jhke h zhmi� pou prokaloÔn oi
sfaÐrec twn eqjr¸n ston  rwa kai antijètwc aux jhke h <<bl�bh>> stouc eqjroÔc apì
ta puromaqik� tou paÐkth.

K�ti �llo to opoÐo apousÐaze kai jewr jhke qr simo  tan h puxÐda. Kat� th
sunomilÐa me ton fulakismèno dÐnontai plhroforÐec sqetikèc me ton gewgrafikì borr�.
Qrei�sthke loipìn oi plhroforÐec autèc na mporoÔn na axiopoihjoÔn me k�poio trìpo
opìte kai ulopoi jhke h puxÐda thc enìthtac 6.2.5.

Tèloc kat� thn plo ghsh ston trisdi�stato q¸ro kai en¸ den exelissìtan k�poia
m�qh, den up rqe to paramikrì deÐgma  qou. 'Etsi prostèjhke o  qoc apì ta b mata
tou  rwa k�nontac pio endiafèron th met�bash proc to epìmeno shmeÐo m�qhc.
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7.3 Mellontikèc proekt�seic kai belti¸seic

Arqik� up rqe o stìqoc to paiqnÐdi na eÐnai diktuakì, na mporoÔn dhlad  na sundèontai
parap�nw tou enìc paÐktec kai na polemoÔn eÐte metaxÔ touc, eÐte apì koinoÔ me ton
upologist . Sthn poreÐa k�ti tètoio den katèsth dunatì qronik�.

H shmantikìterh loipìn prosj kh pou mporeÐ na gÐnei eÐnai aut  thc diktÔwshc. To
paiqnÐdi sthrÐzetai sthn arqitektonik  pel�th-exuphretht  opìte up�rqei h en lìgw
dunatìthta qwrÐc na apaitoÔntai meg�lec allagèc. Endeiktik� na anaferjeÐ ìti autì
pou prèpei na programmatisteÐ eÐnai o legìmenoc “master server”. H doulei� autoÔ
eÐnai na krat�ei lÐsta me ìlouc touc energoÔc exuphrètec kai na prosfèrei stouc
pel�tec thn aparaÐthth plhroforÐa gia na sundejoÔn me k�poion apì autoÔc.

ApaiteÐtai epÐshc dhmiourgÐa nèwn diepaf¸n gia th sÔndesh me k�poion exuphre-
tht , o diaqwrismìc twn tmhm�twn k¸dika tou pel�th kai tou exuphrèth (k�ti pou
up�rqei  dh apl� na metaferjoÔn sta kat�llhla termatik�) all� kai h apìfash gia
to an prèpei na sqediasteÐ mÐa nèa apostol  pou apokleistik� ja paÐzetai apì touc
diadiktuakoÔc paÐktec.

Apì ekeÐ kai pèra o kajènac mporeÐ na skefteÐ èna swrì diaforetikèc prosj kec.
K�poioc mporeÐ mellontik� na prosjèsei dunatìthta epilog c ìplwn sto  dh up�rqon
paiqnÐdi   th dunatìthta gia qr sh k�poiou oq matoc. Autì to teleutaÐo apaiteÐ
fusik  kÐnhshc k�ti to opoÐo mac parèqei h mhqan  Torque. MporoÔn na prostejoÔn
nèec apostolèc, eqjroÐ me epiplèon kin seic kai ìpla kai me pio aneptugmènh teqnht 
nohmosÔnh.

Sto jèma thc teqnht c nohmosÔnhc, gia par�deigma, ja mporoÔse na ulopoihjeÐ
o A* algìrijmoc. K�ti tètoio, sto sugkekrimèno paiqnÐdi kai me thn sugkekrimènh
apostol , ja eÐqe mìno ereunhtikì skopì kai den ja prìsfere k�ti parap�nw. O en
lìgw algìrijmoc efarmìzetai kurÐwc se perioqèc me poll� empìdia kai ìqi se anoikt�
ed�fh ìpwc autì pou up�rqei sthn apostol . Gia autì kai protim jhke h kÐnhsh se
eujeÐa!

Autì den shmaÐnei ìti den ja mporoÔsame na èqoume èna paiqnÐdi me pio èxupnouc
eqjroÔc ìpou ja prospajoÔn na kalufjoÔn apì ta pur� tou paÐkth, ja y�qnoun na
ton entopÐsoun ìtan q�netai apì to optikì touc pedÐo kai ja qrhsimopoioÔn stratiw-
tikèc taktikèc epÐjeshc. Genik� h teqnht  nohmosÔnh eÐnai ènac apì touc ligìtero
exeligmènouc tomeÐc sta binteopaiqnÐdia. H alhjof�neia kai h poikilÐa sth sumperi-
for� kai sth dr�sh tou kìsmou tou paiqnidioÔ eÐnai qarakthristik� pou aux�noun thn
yuqagwgik  tou axÐa. Kaj¸c h upologistik  isqÔ twn paiqnidi¸n aux�nei ragdaÐa, h
teqnht  nohmosÔnh eÐnai to sustatikì twn paiqnidi¸n pou ja gnwrÐsei th megalÔterh
exèlixh ta epìmena qrìnia.

7.4 EpÐlogoc

H ergasÐa xekÐnhse me plhroforÐec gia th biomhqanÐa twn binteopaiqnidi¸n. Wc epÐlo-
goc ja parousiastoÔn k�poiec plhroforÐec gia to tÐ sumbaÐnei ston ellhnikì q¸ro.

To prìblhma pou up�rqei sthn Ell�da, ìpwc kai se �llec q¸rec, ìson afor�
ta binteopaiqnÐdia den eÐnai autì thc di�doshc kai tou posostoÔ qr shc, all� thc
apodoq c touc apì to eurÔ koinì wc mèso yuqagwgÐac. An kai èna polÔ meg�lo
posostì enhlÐkwn paÐzoun hlektronik� paiqnÐdia (se ìlec tic platfìrmec), epikrateÐ
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gia aut� h koin  stereìtuph �poyh perÐ ejistik c asqolÐac twn paidi¸n. Epiplèon an
kai up�rqoun arketèc om�dec erasiteqn¸n pou anaptÔssoun paiqnÐdia sthn Ell�da,
kaj¸c kai lÐgec epaggelmatikèc, den  tan dunatì proc to parìn na dhmiourghjeÐ mia
bi¸simh biomhqanÐa an�ptuxhc.

Arg� all� stajer� ta pr�gmata arqÐzoun na all�zoun. Ta binteopaiqnÐdia ent�s-
sontai wc m�jhma sto prìgramma ellhnik¸n panepisthmÐwn. EpÐshc, sta panepist mia
diex�getai èreuna sqetik� me ta binteopaiqnÐdia kai tic qr seic touc. 'Eqei sustajeÐ
Ellhnikìc SÔllogoc Dhmiourg¸n LogismikoÔ YuqagwgÐac. Dhmosiogr�foi me gn¸sh
kai ìqi prokat�lhyh en�ntia sta paiqnÐdia, arqÐzoun kai arjrografoÔn se efhmerÐdec.

Up�rqei polÔ drìmoc mprost�, all� h kat�stash mporeÐ na gÐnei mìno kalÔterh
sto mèllon.
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Par�rthma Aþ

Programmatismìc se Matlab
tou “TerrainGenerator”

To “Matlab” eÐnai èna majhmatikì pakèto pou parèqei èna eÔqrhsto perib�llon gia
ulopoÐhsh episthmonik¸n efarmog¸n se èna meg�lo f�sma pedÐwn, ìpwc sth gram-
mik  �lgebra, statistik , efarmosmèna majhmatik�, epexergasÐa shm�twn, jewrÐa
elègqou. UposthrÐzei èna meg�lo arijmì leitourgi¸n kai sunart sewn kaj¸c kai
exwterikèc biblioj kec gia exeidikeumènec perioqèc efarmog¸n. EkteleÐ apì aploÔc
majhmatikoÔc upologismoÔc mèqri kai progr�mmata me entolèc parìmoiec me autèc pou
uposthrÐzei mia gl¸ssa uyhloÔ epipèdou. Sugkekrimèna ekteleÐ aplèc majhmatikèc
pr�xeic, all� exÐsou eÔkola qeirÐzetai migadikoÔc arijmoÔc, dun�meic, eidikèc majhma-
tikèc sunart seic, pÐnakec, dianÔsmata kai polu¸numa. MporeÐ epÐshc na apojhkeÔei
kai na anakaleÐ dedomèna, na dhmiourgeÐ kai na ekteleÐ akoloujÐec entol¸n pou au-
tomatopoioÔn di�forouc upologismoÔc kai na sqedi�zei grafik�. Kat� kÔrio lìgo
h qr sh tou “Matlab” gÐnetai me thn paragwg  arqeÐwn me kat�lhxh “.m” ìpou pe-
rièqoun k¸dika grammèno se mia euèlikth, apl  kai domhmènh gl¸ssa programmatismoÔ
(script) pou moi�zei me th gl¸ssa Pascal.

Poioc o lìgoc ìmwc pou qrhsimopoi same to en lìgw pakèto sthn ulopoÐhsh thc
efarmog c mac; Sto basikì keÐmeno anafèrame ìti h efarmog  “TerrainGenerator”
dhmiourgeÐ kai <<s¸zei>> wc eikìna me kat�lhxh “.png”, ènan uyometrikì q�rth. Me to
“Matlab” mÐa kai mìno entol  eÐnai arket  gia na dhmiourg soume isoôyeÐc kampÔlec
apì ènan NxN pÐnaka, en¸ h dhmiourgÐa eikìnwn opoioud pote tÔpou kai h apoj keush
touc sto dÐsko, gÐnetai exÐsou eÔkola kai gr gora.

Epigrammatik� gia ton k¸dika se “Matlab” pou parousi�zetai parak�tw anafè-
roume:

• Sunart seic terrainGeneratorMain kai createInputBoxes: ulopoioÔn to
aplì, grafikì perib�llon tou ergaleÐou. Pio sugkekrimèna eÐnai upeÔjunec gia
to basikì par�juro sto opoÐo eis�gei o qr sthc ta dedomèna.

• Sun�rthsh terrainGenerator: upologÐzei ton pÐnaka epipèdwn (elevation ta-
ble) kai gemÐzei me tuqaÐec timèc (kaleÐ pollèc forèc thn randomGenerator) ènan
32x32 pÐnaka. Me b�sh ta dedomèna tou teleutaÐou ja sqediasteÐ, parak�tw, o
uyometrikìc q�rthc.
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• Sun�rthsh randomGenerator: epistrèfei ènan akèraio arijmì epilègontac
tuqaÐa apì èna pl joc akeraÐwn pou thc dÐnontai wc ìrisma.

• Sun�rthsh epistrof c (callback) okButton: <<sundèetai>> me to pl ktro “OK”
tou grafikoÔ perib�llontoc kai apojhkeÔei ta dedomèna eisìdou twn pedÐwn
“#Hills” kai “#Elevations” ìtan to pl ktro pathjeÐ.

• Sun�rthsh epistrof c (callback) generateButton: <<sundèetai>> me to pl ktro
“Generate” tou grafikoÔ perib�llontoc kai ìtan to pl ktro <ánergopoihjeÐ>>:

1. kaleÐtai h sun�rthsh terrainGenerator kai

2. emfanÐzetai se nèo par�juro o uyometrikìc q�rthc pou antistoiqeÐ sta
dedomèna eisìdou.

• Sun�rthsh epistrof c (callback) printButton: <<sundèetai>> me to pl ktro
“Print”, to opoÐo brÐsketai sto par�juro pou emfanÐzetai o uyometrikìc q�rthc.
'Otan to pl ktro pathjeÐ h sun�rthsh epistrof c:

1. apojhkeÔei proswrin� sto dÐsko ton uyometrikì q�rth, wc mÐa 256x256
eikìna tÔpou “.png”,

2. dhmiourgeÐ èna gkaousianì fÐltro (gaussian filter),
3. diab�zei thn eikìna apì to dÐsko kai efarmìzei to fÐltro se aut n,

4. apojhkeÔei th nèa ekdoq  thc eikìnac.

1 function terrainGeneratorMain
2 c lose a l l ;
3 c lear a l l ;
4 mainWindowPos =[512 650 650 650];
5 mainWindow = f igure (’position ’,mainWindowPos ,’Toolbar ’,’

auto’,’NumberTitle ’,’off’,’Name’,’TerrainGenerator Main
Window -Beta’);

6 h(1).elevHillsText=uicontrol (’style ’,’text’,’position ’, [5
620 60 25],’string ’,{’Hills’ ’#’});

7 h(1).elevHillsInput = uicontrol (’style’,’edit’,’position ’,
[70 620 40 25]);

8 h(2).elevHillsText=uicontrol (’style ’,’text’,’position ’, [5
590 60 25],’string ’,{’Elevations ’ ’#’});

9 h(2).elevHillsInput = uicontrol (’style’,’edit’,’position ’,
[70 590 40 25]);

10 buttonOne = uicontrol (’style ’, ’pushbutton ’,’position ’, [5
540 105 40] , ’string ’ , ’OK’);

11 set (buttonOne , ’callback ’, {@okButton , h});
12 frame0ne = uicontrol (’style’, ’frame ’,’position ’, [5 5 300

500]);
13 frameText=uicontrol (’style ’,’text’,’position ’, [10 10 280

480],’string ’,{’NOTES’ ’ ’ ’(+) Lets say we want to
create one hill (so Hills #=1) with maximun height at 8
meters. If we set 5 as Elevations# then we will have
level0 =0m, level1 =2m, level2 =4m, level3 =6m, level4 =8m.
The program will assign a greyscale color to each level
. ’...
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14 ’’ ’(+) All the hills are going to have the same #
elevations.’...

15 ’’ ’(+) Press OK to get input boxes for the hills data.
’...

16 ’’ ’(+) Consider that we are sketching on a canvas with
a 32x32 grid pattern (32x32 pixels). We start from
a (x,y) pixel and we can move only right (on x-

axes) and up (on y-axes).’...
17 ’’ ’(+) Example of input for hills data: x=5, y=12,

max_x=4, max_y=5, height(max)10 -> On x-axes of the
canvas we draw on pixels 5,6,7 and 8 (max_x=4

means use 4 pixels starting from 5). On Y-axes of
the canvas we draw on pixels 12,13,14,15 and 16 (
max_y =5 means use 5 pixels starting from 12).’...

18 ’’ ’(+) Try to stay inside the 32x32 limits of canvas.’
...

19 ’’ ’(+) Press Generate to view your art.’...
20 ’’ ’(+) Press Print to save what you have drawn. You

are going to get a 256 x256 blurred png image (check
work folder)’...

21 ’’ ’(+) Anytime you can go back to the main window and
change the hills data.’});

22 %end terrainGeneratorMain
23
24 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
25 %∗function createInputBoxes(val)
26 %∗ Create a Nx5 input boxes where
27 %∗N is the number of hills and 5 is #columns:
28 %∗x, y , maxX, maxY, maxHeight
29 %∗args: (1)val−>number of hills (integer uint8)
30 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
31 function createInputBoxes(val)
32 pos =[350 590 40 25];
33 columnLabels ={’x’ ’y’ ’max_x’ ’max_y’ ’height (max)’};
34 for j=1:5 %columns−>x, y , maxX, maxY, maxHeight
35 uicontrol (’style ’,’text’,’position ’, [pos(1) pos(2)+30

pos(3) pos(4)],’string ’,columnLabels(j));
36 for i=1:val(1) %create a row for each hill
37 i f j==1
38 hillNumber=strcat(’#’,num2str(i)); %row labels
39 uicontrol (’style ’,’text’,’position ’, [pos(1) -30

pos(2) pos(3) -15 pos(4)],’string ’,
hillNumber);

40 end
41 switch j %struct hill has 5 fields−>one field

for each column
42 case 1
43 hill(i).inputDataX=uicontrol (’style ’,’edit’

,’position ’, pos);
44 case 2
45 hill(i).inputDataY=uicontrol (’style ’,’edit’

,’position ’, pos);
46 case 3
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47 hill(i).inputDataMaxX=uicontrol (’style ’,’
edit’,’position ’, pos);

48 case 4
49 hill(i).inputDataMaxY=uicontrol (’style ’,’

edit’,’position ’, pos);
50 otherwise
51 hill(i).inputDataMaxHeight=uicontrol (’style

’,’edit’,’position ’, pos);
52 end
53 pos (2)=pos(2) -30;
54 end
55 pos(1)=pos(1) +45;
56 i f (j==5) &&(i==val(1))
57 ;%nothing−I need last y position
58 e l se
59 pos (2) =590;
60 end
61 end
62 buttonTwo = uicontrol (’style ’, ’pushbutton ’,’position ’,

[320 pos (2) 250 20] , ’string ’ , ’Generate ’);
63 set (buttonTwo , ’callback ’, {@generateButton , hill , val});
64 %end createInputBoxes
65
66 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
67 %∗ function terrainGenerator(heightMap,x,y,distanceX, distanceY

,
68 % maxHeight,

elevations)
69 %∗ Creates a hill starting from a startpoint(x,y),expanded to

left on x axis
70 %and to north on y axis
71 %
72 %∗ args: (1)heightMap−> a 2dim table(NxN) with values. Each

cell’s value is
73 %the height of the point x(row of the table),y(column of the

table).
74 % (2)x−> startpoint of the hill on x axis
75 % (3)y−> startpoint of the hill on y axis
76 % (4)distanceX−>endof hill on x axis
77 % (5)distanceY−>endof hill on y axis
78 % (6)maxHeight−>the maximum height of hill
79 % (7)elevations−>number of height levels
80 % i.e. maxHeight=10 and elevations=6 −>available heights

=0,2,4,6,8,10
81 %
82 %∗ return value: z−>the 2dim table with heights
83 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
84 function z=terrainGenerator(heightMap ,x,y,distanceX ,distanceY ,

maxHeight ,elevations)
85 z=heightMap;
86 try
87 elevationTable (1)=maxHeight /( elevations -1); %dont

include zero height
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88 catch
89 elevations =3; %minimum elevations number
90 end
91 for i=2: elevations -1
92 elevationTable(i)=elevationTable(i-1)+elevationTable (1)

;
93 end
94 for j=y:y+distanceY -1
95 for i=x:x+distanceX -1
96 randomHeight=randomGenerator(elevationTable);
97 z(i,j)=randomHeight;
98 end
99 end

100 %end terrainGenerator
101
102 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
103 %∗ function randomGenerator(data)
104 %∗ Generates and returns a random value
105 %∗ args: (1)data−> a 1xN (1 row and N columns)table.
106 %∗ Assume each value of table ’data’ as an

available height
107 %∗ returns: randomValue−> one random value/data of the table ’

data’
108 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
109 function randomValue=randomGenerator(data) %i.e data=[10 20 25

100]
110 choose=randperm( length(data)); %i.e. if data[] is as above

then length(data)=4
111 %so choose=[4 1 3 2] or [3

4 1 2] or ...
112 randomValue=data(choose (1));
113 %end randomGenerator
114
115
116 %∗∗∗∗∗∗∗∗∗∗∗Callbacks∗∗∗∗∗∗∗∗∗∗∗
117
118 function handles = okButton(hObject , eventdata , handles)
119 for i=1:2
120 input_string = get(handles(i).elevHillsInput ,’string ’);
121 try
122 val(i)=uint8(str2num(input_string)); %integers

0−255
123 catch %incase that thereis not input for hills or/and

elevations
124 i f i==1
125 defaultValue =1; %set 1 if there is not input

for #Hills
126 set (handles(i).elevHillsInput ,’string ’,num2str(

defaultValue));
127 val (1)=uint8(defaultValue);
128 e l se
129 defaultValue =6; %%set 6 if there is not input

for #Elevations
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130 set (handles(i).elevHillsInput ,’string ’,num2str(
defaultValue));

131 val (2)=uint8(defaultValue);
132 end
133 end
134 end
135 i f val (1) ==0
136 defaultValue =1;
137 set (handles (1).elevHillsInput ,’string ’,num2str(

defaultValue));
138 val(1)=defaultValue;
139 end
140 createInputBoxes(val);
141 set (hObject , ’enable ’, ’off’); %disable ’ok’ button
142 %end okButton
143
144 function handles = generateButton(hObject , eventdata , handles ,

arg)
145 n=32; %Z dimensions
146 Z= zeros(n,n); %initialize Z with zeros
147 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
148 %∗Get input from input boxes and generate Z table
149 for i=1:arg(1) %arg(1) contains the number of hills
150 dataX = get(handles(i).inputDataX ,’string ’);
151 dataY = get(handles(i).inputDataY ,’string ’);
152 dataMaxX = get(handles(i).inputDataMaxX ,’string ’);
153 dataMaxY = get(handles(i).inputDataMaxY ,’string ’);
154 dataMaxH = get(handles(i).inputDataMaxHeight ,’string ’);
155 try
156 x(i)=uint8(str2num(dataX));
157 y(i)=uint8(str2num(dataY));
158 maxX(i)=uint8(str2num(dataMaxX));
159 maxY(i)=uint8(str2num(dataMaxY));
160 maxHeight(i)=uint8(str2num(dataMaxH));
161 catch
162 quit ();
163 end
164 Z=terrainGenerator(Z,x(i),y(i),maxX(i),maxY(i),

maxHeight(i),arg(2)); %Z contains integers 0−255
165 end
166 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
167
168 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
169 %∗Clear previous figures
170 figs = get(0, ’Children ’);
171 c lose (figs(figs ~= gcf ));
172 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
173
174 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
175 %∗plot the heightmap on a nxn (pixels) grid
176 h= f igure (’NumberTitle ’,’off’,’Name’,’Heightmap ’);
177 [C,h]= contourf(Z’,arg(2) -1);
178 colormap(’gray’);

PoluteqneÐo Kr thc
Tm ma Hlektronik¸n Mhqanik¸n & Mhqanik¸n Upologist¸n



122 Par�rthma Aþ

179 xlabel (’pixel ’);
180 ylabel (’pixel ’)
181 set (h,’LineStyle ’,’none’);
182 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
183
184 buttonThree = uicontrol (’style ’, ’pushbutton ’,’Units ’,’

normalized ’,’position ’, [.90 .95 .1 .05] , ’string ’ ,
’Print’);

185 set (buttonThree , ’callback ’, {@printButton , h, Z, arg});
186 %end generateButton
187
188 function handles = printButton(hObject , eventdata , handles , Z,

arg)
189 delete (hObject); %delete printButton from the new figure
190
191 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
192 %Trick:When I scaled image at 256x256 I lost pixels at

right, left,
193 %top and bottom of image
194 %so I did a larger table with zeros there. Now I am going

to lost black
195 %color there
196 n=44; %use only evens number greater than 32
197 temp=n- length(Z);
198 newZ= zeros(n,n);
199 m=temp /2+2; %shift right
200 n=temp /2+1; %shift up
201 for j=1: length(Z)
202 for i=1: length(Z);
203 newZ(m,n)=Z(i,j);
204 m=m+1;
205 end
206 n=n+1;
207 m=temp /2+2;
208 end
209 [C,h]= contourf(newZ ’,arg(2) -1);
210 set (h,’LineStyle ’,’none’);
211 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
212
213 axis off;
214
215 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
216 %∗Eliminate not using space−for example the space where

axis were
217 set (gca, ’Position ’, get(gca, ’OuterPosition ’) - get(gca, ’

TightInset ’) * [-1 0 1 0; 0 -1 0 1; 0 0 1 0; 0 0 0 1]);
218 set (gca, ’Position ’,get(gca,’OuterPosition ’));
219 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
220
221 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
222 %∗Save last figure as a 256x256 png−We are going to blur

this image
223 set (gcf ,’Position ’ ,[256 512 256 256]);
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224 set (gcf , ’PaperPositionMode ’, ’auto’);
225 print (gcf , ’-r0’, ’heightmap.png’, ’-dpng’);
226 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
227
228 c lose (gcf );
229
230 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
231 %∗Blur Heightmap, using gaussian filter
232 gaussianFilter= f spec i a l (’gaussian ’ ,[5 5], 1);
233 heightmap = imread(’heightmap.png’);
234 blurredHeightMap = imf i l t e r (heightmap , gaussianFilter);
235 f igure (’NumberTitle ’,’off’,’Name’,’Blurred 256 x256

Heightmap ’);
236 axis off;
237 set (gca, ’Position ’, get(gca, ’OuterPosition ’) - get(gca, ’

TightInset ’) * [-1 0 1 0; 0 -1 0 1; 0 0 1 0; 0 0 0 1]);
238 set (gca, ’Position ’,get(gca,’OuterPosition ’));
239 imshow(blurredHeightMap);
240 set (gcf ,’Position ’ ,[256 512 256 256]);
241 set (gcf , ’PaperPositionMode ’, ’auto’);
242 print (gcf , ’-r0’, ’heightmap.png’, ’-dpng’);
243 %∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
244 %end printButton
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