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1. Tueivarn OpenGL

H OpenGL givar éva mpdéTumo viomoinong Pprodnkodv oyediaong ypapikmv. Eurepiéyet Sniladn to
OUVOAO TV GLVOPTNCEWV OV TPENEL VL LAOTIOEL piat BAoONKN Ypapikdv Tpokeévou va eival cupfotm
pe avtd. Eqv Paciotovpe oto mpdétuvmo ¢ OpenGL, 0 K®IKAG TOV GUVTAGGOLUE gival oveEAPTNTOG
mhateopuog (platform independent) kou pmopel vo exteheotel oe evpelon ykApo mwEPPOALOVI®V
TPOYPOUUOTIGHOD Ywpig pilikn Tpomomoinom g doung tov. Yrdapyovv Pifiobnkeg OpenGL yi' apketég
YADGGES TPOYPOUUOTIGHOD, TO TOPAOV  Keipevo avaeépetor  otn  Piprodnkn vy ™  yAdooo
npoypappoticpot C.

H viomoinon g OpenGL nepilapfavet tic mopoakdto PifAtodnieg:

1. Baown piprodnkn (OpenGL core library):

H Boaow| Bpriodnkn e OpenGL mepiéyet tig kOpieg eviorég oyedioonc. Oleg ol evIoAEg NG
BPAoNKNng avtg otakpivovion amd to mpodbepo gl . TloArég amd T cuvapTNoEIS TG dEYOVTIL
npoxabopiopéva opicpata (copPorlxéc otabepéc) ta omoia €yovv oprotel ot PPAodnkn kot
OVTIOTOLYOVV GE SIPOPES TAPAUETPOVS N KaTaoTdoElg Asttovpyiag. Katd ocouPaocn, ot otabepic avtég
Eexwvovv pe 1o mpdBepa GL .

2. OpenGL Utility Library (GLU):
[Tepthoppdvel cvvaptioelg mov ektelovV cvvBetovg alyopiBuovg Onwg m.y. TOoV KoBOopPIGUO
INTPO®V TPOPOANG Kot TO CYNUATICHO cLUVOET®V KOUTLA®V kol empaveimyv. KabBe viomoinon g
OpenGL gunepiéyet  Piprrodnkn GLU. Oleg ot eviorég g PPprodnkne GLU Eekvovv pe to mpdbepa
glu.

3. OpenGL Utility Toolkit (GLUT):

Onwg avagépape 10 mpotvmo g OpenGL eivor aveEdptmro miatedppoag. Qotdéco pio
QLTOVONTN OTAiTNON €VOC TPOYPOUUOTIOT] €ival vor €€l Tn SuVATOTNTO VO 0ElL TO OTOTEAECUO TOV
TPOYPOUUATOV TOL OAAG Kol va €xel OnAadn T dvvatdtnTo aAAnAemidopaong pe avtd. Xpedleton
ONAadN eVTOAEG €16000V-££000V. Q0TOGO 01 €VTOAEG aAANAemidpoaonc Oev  etvar  aveEdptnTeg
TAOTQOPUOG KoL Yo TO AdYyo avtd ot mpoypoppatiotég oe OpenGL ypnowyomolovv pio axodun
BPAoONKN OV TOVE TPOCPEPEL EVIOLES €16000V-e£000V. Mia amd Tig PifAiodnkeg mov mpooeépel
Aertovpywkdtnta avt) eivar o OpenGL Utility Toolkit (GLUT). H Biiobnxn avt) mepapfdver
EVIOAEG ameKOVIoN G Tapabipwv oty 000vn, onuovpyiog menus, dtayeipiong yeyovotmv kim. ‘Oieg ot
EVIOAEG NG EektvoLv e To Tpobepa glut.
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2. ATLTOVLEVO AOYLOULKO YLX TOV TIPOYPARUATIONO e OpenGL - GLUT

Mo va propécovpe vo SNUIOLPYNGOVUE TPOYPAUUATO Ypopik®y pe xpnon openGL - GLUT oe
nepPailov YAdocog mpoypappatiopod C ypelaldHaote To TopoKaTo:

1. TIeppdrrov avantvéng epoppoy®dv o€ YA®Goo mpoypoppoaticpod C. 210 mopdv  GOYYpPOLL
ypnowonoteitol o epyaieio Dev C++

i B!
About Dev-C++ 2 ﬁ

htp:/ feevew bloodshed net/
Copynight [c] Bloodshed Software Yerzion 4.9.9.5
GMLU General Public Licenze

GHU GEMERAL FUELIC LICEMSE -
Yerzion 2, June 1391 s

Copyright [C] 1933, 1331 Free Saoftware Foundation, [nc.
675 Mazs Ave, Cambridge, b 02133, US54

Contact Information

Bloodzhed Software Website:  httpeAvasn bloodzhed. net

Mingw Compiler ‘Webszite: hittp: A A, mingu. org

Dew-C+ dizouzzion forums: hittpe A bloodshed. netforum
Dew-C+ users mailing list: http: /A, bloodzhed. net/descpp-ml. hbml
Authors e-mail: haikuEbloodshed. net

Fost-4.9.9.2 Development: http: A fomwellengine. blogspot. com

Fleaze support Des-C++ by making a donation:
http: /A, bloodzhed. net/donate. himl

G Check. for updates o suthors

L A

2. BirobOnkeg openGL - GLUT

e Apyeio glut.h. Eivax C header file ka1 npénetl va Bpioketor oto akero include\GL tov Dev C++

o Apyeio glut32.dll. Eivor n ekteléonun Piprodnkn g GLUT kot mpénet va Bpioketol 6to Gdkero
GUGTNUOTOG TOV AETOVPYIKOV GLOTNUATOS. Xoplg avtd T0 apyeio dgv pmopodue vo, KAVOLE
EKTEAEGT] TOV TPOYPOUUUATOV

o Apyeia libopengl32.a, libglu32.a, libglut32.a. Eivor archived PBipiobnkeg mov Ppickoviar oto
edaxero lib Tov Dev C++ kot mpémel va cvvdebodv oto C project, ITIPOZOXH pe v ogipd mov
OVOPEPOVTOL:
Emi\éyovpe Project->Project Options—> Add library or object
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-
Project Options
General | Files | Compiler WS EN=EE Directories | Build Opti.. | Makefile | Yersion info |
Additional Cammand-line options:
Compiler:; C++ compiler Linker
=v-Cppdlibdlibopenaldz.a -
=v-Cpp/lib/libglu3z. a
=v-CppdlibdlibglutaZ. a
4 4
' Ok

OpenGL 2015-02-15
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3. Baowkég evtoA£g ekkivnong mepifaiiovtog OpenGL

3.1 Ekkivnon tepfaiiovtog

O mopaKdTo KOOKAG eival 0 Kat’ €AAyIoTo amapoitnTog Yo TNV dnpovpyio evog mapadhpov 1o
omoio &v cuveyeia PITOPOVUE VA GYEOAGOVLE YPOUPIKAL:
#include <GL\glut.h>

void display (void) {

/* Called when OpenGL needs to update the display */
glClear (GL_COLOR_BUFFER_BIT); /* Clear the window */
glFlush(); /* Force update of screen */

}

int main (int argc, char **argv) {

glutinit (&argc, argv); /* Initialise OpenGL */

glutCreateWindow ("Eva kevo mapdBupo openGL-GLUT"); /* Create the window */
glutDisplayFunc (display); /* Register the "display" function */

glutMainLoop (); /* Enter the OpenGL main loop */

return O;

}

To amotéhecpo TG €KTEAEONC TOL TOPATAVEO KOOKO givar €vo Kevo moapdbvpo O100TAGEDV
300X300 pixels oty mave apiotepn mAevpd g 086vNC:

-

&= Eva Kewo Tiapatupo leEf‘lGL-G...' — | (=] |ﬂh

L

Ag avaAdcovE TOV KMOOKOL:
e Apywd mpocBétovpe v Pifiodnkn tov GLUT glut.h
¢ H cvvapmon glutlnit() evepyomotei ™ Piprodnikn GLUT

e H evtoin glutCreateWindow(“Titiog”) epopavilel 1o mapdbvpo ™G €papuoyng otnv 006vn Kot Tov
amodidet Evav Titho

OpenGL 2015-02-15 TeAlda 5 amo 29



H evtoAn glutDisplayFunc(void func()) evtdcoetotl o€ pa €101k Katnyopio cuvapticemv tov GLUT,
o1 omoieg amokorovvtal cuvaptnoels kAnong (callback functions). H cuykekpyévn cuvéptnon d€xetan
®¢ OPIOUO. 10 CLVAPTNOT GTNV OTOl0 EUTEPLEYETUL O KOdIKAG oyedioong ypagpikadv. H cuvdptnon avt
exteAeital kGBe Qopd oL M EPUPUOYN SMGTOGEL OTL omoteital emavacyedloopuog g oknvhig. H
oLUVAPTNON O&V EMGTPEPEL TIUN Kol OV £XEL OPIGHLOTO. XTO GLYKEKPUEVO TOPASEIYUO OTvOVUE MG
opopa ™ cvvaptnon display()

H evtoln glutMainLoop() evepyomotei Tov kOKA0 dloyeipiong yeyovotwv (event processing loop). Xtov
KOKAO OUTO, 1 EPOPUOYN OVOUEVEL ET' AMEPOV KO AVTOTOKPIVETAL GE YEYOVOTA, OTTMG A.). GTO AT
€VOG KOLUMOD, OTNV OAAOYN TOL OKNVIKOD 1 oTnv Kivnom tov moviikiod. Amd 10 mpdbepd g,
TOPOTNPOVUE OTL 1] GUYKEKPIUEVT EVTOA gumepiéyeton ot PiProdnkn GLUT, epdcov 10 mtpdtumo g
OpenGL, og mpdTLTO 0veEdpTnTo TAATPOPLOGC, OEV 0pilel dladikacieg 16000V-E000V

H evtodn gIClear() kabapilel evrapuevtéc (buffers), ocuykekpluévee meployEg UVHUNG TOV GUGTHIOTOC
ypoewov (frame buffer). H pnyovn ypaewodv e OpenGL opilel opiopéves katnyopieg EVIQMEVTOV.
Me v otaBepd GL. COLOR _BUFFER BIT 6ivovpe evtoAn KaOapiGpol Tov EVIQUEVLTH XPOUATIKOV
Tinadv (colour buffer). Avti mepi€yet Tig xpopaTikéc Tinég Tv pixels mov answoviovron (1) TpdKeLTOL VO
OTEIKOVIGTOVV) oTnv 000V

H evtoln glFlush() e€avaykalel tnv ektédecn TV EVIOADY TOV EKKPEUOVV

3.2 [lapapeTPOTIOiN O™ ERPAVION G TAPAOVPOV

O mapokdtom evtoréc emnpealovv v epedvion tov OpenGL rapdbvpov:

H evtol glutlnitWindowSize(Width,Height) xafopiler 10 mAdtoc koar Vwyog tov TapabHpov NG
EQUPUOYNG o€ pixels

H evtoAn glutlnitWindowPosition(X,Y) kabopiler tn B8éon oty 086vn, otnv omoia B gupaviotel o
TapaBvpo TG PAPLOYNS (GUVTETAYUEVT] TG AV® APIOTEPTG KOPVOTG)

H evtoln glClearColor (Red,Green,Blue,Alpha) opilet 0 ypdua t1ov pOvIov 10V TOPAbHPOL

Mopdderypo koowKa:

#include <GL\glut.h>

void display (void) {

/* Called when OpenGL needs to update the display */
glClearColor (1.0,1.0,1.0,0.0); /* Set the window color*/
glClear (GL_COLOR_BUFFER_BIT); /* Clear the window */
glFlush(); /* Force update of screen */

}

int main (int argc, char **argv) {

glutlnit (&argc, argv); /* Initialise OpenGL */

glutlnitWindowsSize (500, 500); /* Set the window size */

glutlnitWindowPosition (100, 100); /* Set the window position */

glutCreateWindow ("Eva mapapetponotnuévo mopdBbupo openGL-GLUT"); /* Create the window */
glutDisplayFunc (display); /* Register the "display" function */

glutMainLoop (); /* Enter the OpenGL main loop */

return O;

}
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AToTéleOoNO EKTELECTS KOOIKA:

== Byo MopapeTpomomnpévo napatupo c:penGL—GLUT' - @M

-
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4, Ospelwdn oympata ¢ OpenGL
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5. EvtoA£g Snuovpylag Bacikwv Stedlactatwy oxnuatmwyv tg OpenGL

e H evtoAq glBegin (GLEnum MODE) dnimvel v évapén opiopod evOg 1 TEPICCOTEPOV YEDUETPIKMDV
oynuatov. Avoldymg Tov opiocpatos, Umopel vo, TPoodoplotel pio ToKAlo oynudtwv. Aéyetor 10
opicparo

GL _POINTS,  GL _LINES,  GL_LINE STRIP,  GL_LINE_LOOP,  GL_TRIANGLES,
GL_TRIANGLE_STRIP, GL_TRIANGLE_FAN, GL_QUADS, GL_QUAD_STRIP, GL_POLYGON

e H egviol) glENd () exteieiton mdvta oe cvvovacud pe v eviodn glBegin() kot opiCet ) ANEN g
emAeyopevng pubuiong oxediaonc

e H evtoln glVertex () ypnowomoteitan evtdg tov glBegin() - glEnd() yi va opicetl Tig KopLQEC TV
oynuatov mov Béhovpe va gpeavicovps. Avaroya pe 10 mANBoc tov dlactdcewv mov Béhovue va
enpavicovue dakpivetar otig glVertex2(), glVertex3(), glVertex4() mov avtictoryoldv oe dicdidcToTa
oynuota, tpioddctato kot 4 dwotdoemv (Y mpoontikes Oyelg). Kabe po omd avtég i evioAés
dwkpivetar oe 4 GdAAeg avdioya pe tov TOTO TOL OPWBUOD OV JEYETOL OC OPIGUO, ETCL T.Y. 1
glVertex2() dwkpivetan otic glVertex2s (GLshort x, GLshorty), glVertex2i (GLint x, GLint y),
glVertex2f (GLfloat x, GLfloat y), glVertex2d (GLdouble x, GLdouble y)

Y
A

Z

e H evroin glPointSize (GLfloat size) opilel to mhyog TV KovKidwV

e H evtoAn glLineWidth (GLfloat width) opilet to ndyog T@v ypopumv

e H evroin glColor () opilet to ypdpa tov oynudtov

e H evtoan glOrtho (GLdouble left, GLdouble right, GLdouble bottom, GLdouble top, GLdouble
nearVal, GLdouble farVal) sivatr amapaitmm yio v cwot pofoin TV Ypapikdv cg 2 Sl06TAGES
YTl LETOOYNUATILEL TO UNTPDO TOV YPOPIK®V GE Ui TOPAAANAN opBoypapikn Tpooin
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> <

(right, top, far)

(left, bottom, near)

Towards the
viewpoint

5.1 Kovki8eg (points)

Mopddcrypo kOoKa:
#include <GL\glut.h>

void display (void) {

/* Called when OpenGL needs to update the display */
glClearColor (1.0,0.0,0.0,0.0); /* Set the window color*/
glClear (GL_COLOR_BUFFER_BIT); /* Clear the window */
glPointSize (10); /* Set the points size */
glColor3f(0.0,1.0,0.0); /* Set the drawing color */
glBegin (GL_POINTS); /* Draws points */

glVertex2f (1.0, 1.0);

glVertex2f (250.0, 250.0);

glVertex2f (499.0, 499.0);

glEnd ();

glFlush(); /* Force update of screen */

}

int main (int argc, char **argv) {

glutlnit (&argc, argv); /* Initialise OpenGL */

glutlnitWindowsSize (500, 500); /* Set the window size */

glutlnitWindowPosition (100, 100); /* Set the window position */

glutCreateWindow ("Points openGL-GLUT"); /* Create the window */

glutDisplayFunc (display); /* Register the "display" function */

glOrtho (0.0, 500, 0.0, 500, -1.0, 1.0); /* creates a matrix for an orthographic projection */
glutMainLoop (); /* Enter the OpenGL main loop */

return O;

}
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AToTélEONO EKTELESTS KOOIKA:

<~ Points openGL-GLUT = M I e B ESREERTS)

-

5.2 'pappég (lines)

Mapaderypo kOOKa:
#include <GL\glut.h>

void display (void) {

/* Called when OpenGL needs to update the display */
glClearColor (0.0,1.0,0.0,0.0); /* Set the window color*/
glClear (GL_COLOR_BUFFER_BIT); /* Clear the window */
glLineWidth (2); /* Set the lines size */
glColor3f(1.0,0.0,0.0); /* Set the drawing color */

glBegin (GL_LINES); /* or GL_LINE_STRIP or GL_LINE_LOOP */
glVertex2f (0.0, 20.0);

glVertex2f (50.0, 100.0);

glVertex2f (255.0, 255.0);

glVertex2f (255.0, 500.0);

glEnd ();

glLineWidth (6); /* Set the lines size */
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glBegin (GL_LINE_STRIP); /* or GL_LINE_STRIP or GL_LINE_LOOP */
glVertex2f (30.0, 30.0);

glVertex2f (100.0, 30.0);

glVertex2f (100.0, 200.0);

glVertex2f (300.0, 200.0);

glEnd ();

glFlush(); /* Force update of screen */

}

int main (int argc, char **argv) {

glutinit (&argc, argv); /* Initialise OpenGL */

glutinitWindowSize (500, 500); /* Set the window size */

glutinitWindowPosition (100, 100); /* Set the window position */

glutCreateWindow ("Lines openGL-GLUT"); /* Create the window */

glutDisplayFunc (display); /* Register the "display" function */

glOrtho (0.0, 500, 0.0, 500, -1.0, 1.0); /* creates a matrix for an orthographic projection */
glutMainLoop (); /* Enter the OpenGL main loop */

return O;

}

ATotéleona EKTELECTC KOOLKA:
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5.3 Tplywva (triangles)

Hoapdderypo kOoKaA:
#include <GL\glut.h>

void display (void) {

/* Called when OpenGL needs to update the display */
glClearColor (0.0,0.0,1.0,0.0); /* Set the window color*/
glClear (GL_COLOR_BUFFER_BIT); /* Clear the window */
glLineWidth (2); /* Set the lines size */
glColor3f(1.0,0.0,0.0); /* Set the drawing color */
glBegin (GL_TRIANGLES); /* Draws triangles */
glVertex2f (0.0, 0.0);

glVertex2f (50.0, 50.0);

glVertex2f (100.0, 00.0);

glVertex2f (255.0, 255.0);

glVertex2f (255.0, 355.0);

glVertex2f (355.0, 255.0);

glEnd ();

glLineWidth (6); /* Set the lines size */
glColor3f(0.0,25.0,0.0); /* Set the drawing color */
glBegin (GL_TRIANGLE_STRIP); /* Draws triangles */
glVertex2f (10.0, 100.0);

glVertex2f (50.0, 150.0);

glVertex2f (100.0, 140.0);

glEnd ();

glFlush(); /* Force update of screen */

}

int main (int argc, char **argv) {

glutinit (&argc, argv); /* Initialise OpenGL */

glutinitWindowSize (500, 500); /* Set the window size */

glutinitWindowPosition (100, 100); /* Set the window position */

glutCreateWindow ("Triangles openGL-GLUT"); /* Create the window */

glutDisplayFunc (display); /* Register the "display" function */

glOrtho (0.0, 500, 0.0, 500, -1.0, 1.0); /* creates a matrix for an orthographic projection */
glutMainLoop (); /* Enter the OpenGL main loop */

return O;

}

OpenGL 2015-02-15 TeAida 13 amd 29



AToTéleOoNO EKTELECTS KOOIKA:

—-| Triangles open

5.4 Tetpamievpa (quadrilaterals)

MMapaderypo kOOKa:
#include <GL\glut.h>

void display (void) {

/* Called when OpenGL needs to update the display */
glClearColor (0.0,204.0,204.0,0.0); /* Set the window color*/
glClear (GL_COLOR_BUFFER_BIT); /* Clear the window */
glColor3f(1.0,0.0,0.0); /* Set the drawing color */

glBegin (GL_QUADS); /* or GL_QUAD_STRIP */
glVertex2f (10.0, 10.0);

glVertex2f (10.0, 50.0);

glVertex2f (110.0, 50.0);

glVertex2f (110.0, 10.0);

glEnd ();

glColor3f(1.0,5.0,0.0); /* Set the drawing color */
glBegin(GL_QUAD_STRIP); /* Draws Quadrilaterals */
glVertex2f (100.0, 100.0);
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glVertex2f (100.0, 120.0);

glVertex2f (200.0, 100.0);

glVertex2f (180.0, 200.0);

glColor3f(1.0,0.0,0.0); /* Set the drawing color */
glVertex2f (250.0, 100.0);

glVertex2f (250.0, 200.0);

glEnd();

glFlush(); /* Force update of screen */

}

int main (int argc, char **argv) {

glutinit (&argc, argv); /* Initialise OpenGL */

glutinitWindowsSize (500, 500); /* Set the window size */

glutinitWindowPosition (100, 100); /* Set the window position */

glutCreateWindow ("Quadrilaterals openGL-GLUT"); /* Create the window */
glutDisplayFunc (display); /* Register the "display" function */

glOrtho (0.0, 500, 0.0, 500, -1.0, 1.0); /* creates a matrix for an orthographic projection */
glutMainLoop (); /* Enter the OpenGL main loop */

return O;

}

AToTéLECPO EKTELEOTIC KOOIKOL:
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5.5 loAvywva (polygons)

Hoapdderypo kOoKaA:
#include <GL\glut.h>

void display (void) {

/* Called when OpenGL needs to update the display */
glClearColor (1.0,12.0,0.0,0.0); /* Set the window color*/
glClear (GL_COLOR_BUFFER_BIT); /* Clear the window */
glColor3f(1,0,1); /* Set the drawing color */

glBegin (GL_POLYGON); /* Draws Polygons */

glVertex2f (0.0, 0.0);

glVertex2f (20.0, 100.0);

glVertex2f (200.0, 150.0);

glVertex2f (250.0, 120.0);

glVertex2f (120.0, 40.0);

glEnd ();

glFlush(); /* Force update of screen */

}

int main (int argc, char **argv) {

glutinit (&argc, argv); /* Initialise OpenGL */

glutinitWindowsSize (500, 500); /* Set the window size */

glutinitWindowPosition (100, 100); /* Set the window position */

glutCreateWindow ("Polygons openGL-GLUT"); /* Create the window */

glutDisplayFunc (display); /* Register the "display" function */

glOrtho (0.0, 500, 0.0, 500, -1.0, 1.0); /* creates a matrix for an orthographic projection */
glutMainLoop (); /* Enter the OpenGL main loop */

return O;

}
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AToTéleOoNO EKTELECTS KOOIKA:

rGﬂ Polygons openGL-GLUT ” . - h E@g‘

5.6 Keipevo (text)

e H evroin glRasterPos ()opilet tig cvvtetaypéveg oTic omoieg Ba yivel v ovveyeio epgdvion pixels
YPOPIKOV

e H evroin glutBitmapCharacter(void *font, int character) epoaviCet éva bitmap yopoakmpa

Mopaderypo kOOKa:
#include <GL\glut.h>

void drawsString (void *font, float x, float y, char *str) {

/* Draws string 'str’ in font ‘font’, at world (x,y,0) */

char *ch;

glRasterPos3f(x, y, 0.0); /* Sets the drawing position */

for (ch=str; *ch; ch++)

glutBitmapCharacter(font, (int)*ch); /* Renders a bitmap character */
}
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void display (void) {

/* Called when OpenGL needs to update the display */

glClearColor (1.0,0.0,1.0,0.0); /* Set the window color*/

glClear (GL_COLOR_BUFFER_BIT); /* Clear the window */

glRasterPos3f(60.0, 40.0, 0.0); /* Sets the drawing position */
glutBitmapCharacter(GLUT_BITMAP_HELVETICA_18,122); /* Renders a bitmap character */
drawString (GLUT_BITMAP_HELVETICA_18, 30.0, 100.0, "This is a text");

glFlush(); /* Force update of screen */

}

int main (int argc, char **argv) {

glutinit (&argc, argv); /* Initialise OpenGL */

glutinitWindowsSize (500, 500); /* Set the window size */

glutinitWindowPosition (100, 100); /* Set the window position */

glutCreateWindow ("Text openGL-GLUT"); /* Create the window */

glutDisplayFunc (display); /* Register the "display" function */

glOrtho (0.0, 500, 0.0, 500, -1.0, 1.0); /* creates a matrix for an orthographic projection */
glutMainLoop (); /* Enter the OpenGL main loop */

return O;

}

ATOTELEGNO. EKTELEGTG KOOLKA:

This is a text
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6. TOTOL peTafintwv

CType
Glboolean
Glbyte
GLubyte
Glshort
Glushort
GLint
GLuint
GLfixed
GLint64
GLuint64
GLsizei
GLenum
GLintptr
GLsizeiptr
GlLsync
GLlbitfield
GLhalf
Glfloat
GLclampf
GLdouble
GLclampd

Bitdepth

1+

32
ptrbitsl
ptrbitsl
ptrbitsl
32
16
32
32
64
64

Description

A boolean value, either GL_TRUE or GL_FALSE

Signed, 2's complement binary integer

Unsigned binary integer

Signed, 2's complement binary integer

Unsigned binary integer

Signed, 2's complement binary integer

Unsigned binary integer

Signed, 2's complement 16.16 integer

Signed, 2's complement binary integer

Unsigned binary integer

A non-negative binary integer, for sizes.

An OpenGL enumerator value

Signed, 2's complement binary integer

Non-negative binary integer size, for pointer offsets and ranges
Sync Object handle

A bitfield value

An IEEE-754 floating-point value

An IEEE-754 floating-point value

An IEEE-754 floating-point value, clamped to the range [0,1]
An IEEE-754 floating-point value

An IEEE-754 floating-point value, clamped to the range [0,1]

OpenGL 2015-02-15
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7. AAMAETIS pa o) |LE TO TIANKTPOAGYLO

e H evtoln glutKeyboardFunc (function) kaAei v cuvapmomn mov TEPIEYEL TOV KOAKO GAANAETISpOONC
LE TO TANKTPOAOYIO

e H ovvdapton void function (unsigned char key, int x, inty) dwafdlet To TARKTPO MOV TATAEL O YPNOTNG
Kot 0 amodnkevel ot petaPinty key pe tipég amod 0 émg 255 tov kddwka ASCII

Mopddoerypo kOoKaA:

#include <GL\glut.h>
#include <stdio.h> /* library for input/output */
#tinclude <stdlib.h> /* include rand function */

void drawRandomPoint () {

/* Draws point randomly after key predded */

intX,Y;

intR, G, B;

X =rand() % 500 + 1; /* rundom number for X position */
Y =rand() % 500 + 1; /* rundom number for Y position */
R =rand() % 255; /* rundom color for Red */

G =rand() % 255; /* rundom color for Green */

B =rand() % 255; /* rundom color for Blue */

printf ("X = %i", X);

printf (", Y = %i\n", Y);

glPointSize (20); /* Set the points size */
glColor3ub(R,G,B); /* Set the drawing color */

glBegin (GL_POINTS); /* Draws points */

glVertex2f (X, Y);

glEnd ();

glFlush(); /* Force update of screen */

}

void keyboard (unsigned char key, int x, int y) {
/* Called when a key is pressed */

if (key == 27) exit (0); /* 27 is the Escape key */
else

{

printf ("You pressed %c\n", key);
drawRandomPoint();

}

}

void display (void) {

/* Called when OpenGL needs to update the display */
glClearColor (1.0,0.0,1.0,0.0); /* Set the window color*/
glClear (GL_COLOR_BUFFER_BIT); /* Clear the window */
glFlush(); /* Force update of screen */

}

int main (int argc, char **argv) {

glutlnit (&argc, argv); /* Initialise OpenGL */

glutlnitWindowsSize (500, 500); /* Set the window size */

glutlnitWindowPosition (100, 100); /* Set the window position */

glutCreateWindow ("Keyboard Interaction openGL-GLUT"); /* Create the window */
glutDisplayFunc (display); /* Register the "display" function */

glutKeyboardFunc (keyboard); /* Register the "keyboard" function */

glOrtho (0.0, 500, 0.0, 500, -1.0, 1.0); /* creates a matrix for an orthographic projection */
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glutMainLoop (); /* Enter the OpenGL main loop */
return O;

}
AToTélEONO EKTELECTS KOOIKA:

Epeavifel pe 1o métnpo 0motoudnmote TAKTPOL Hid KOUKIdo 6€ Tuyoio onpeio pe tuyoio ypoua,
eqv motnbei to TAnktpo escape teppartiCel to mpodypoppa. IapdAinia otn kovedria e£600v eppaviCoviot
010 TANKTPO TOTHONKE KO O TUYAIEG CLVTETAYIEVEG OTIG 0Toieg Oa epavioTel 1 KovKidaL.

El" Project &= Keyboard Interaction openGL-GLUT E@g

...... mait.cpp

-~
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b
b
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8. Ilivakag yapaktipwv ASCII

Baowog mivakag:

Dec Hxoct Char Dec Hx Oct Html Chr  [Dec Hy Oct Himl Chr| Dec Hx Oct Himl Chr
0 0O 000 NOL (rmll) 32 20 040 &#32; Zpace| 64 40 100 s#64; [ 96 60 140 &#96;
1 1 001 30H (start of heading) 33 21 041 &#33: ! 65 41 101 «#65; & [ 97 A1 141 &#97: =a
2 2 002 3T (start of text) 34 22 042 &#34: 7 65 42 102 «#66; B | 95 62 142 &#595; b
3 3 003 ETX (end of text) 35 23 043 &#35: # 67 43 103 =#67: C 99 53 143 &#99: C
4 4 004 EOT (end of transmission) 36 24 044 &#36; 5 65 44 104 «#658; D |100 64 144 &#100; 4
& 5 005 ENQ (encquiry) 37 25 045 #3770 % 69 45 105 «#69: E (101 65 145 &#l01: e
6 6 006 ACE (acknowledge) 38 26 046 &#35; & 70 46 l0g &#70; F |10Z 66 146 &#102; €
7 7 007 BEL (bell) 39 27 047 =#39; ! 71 47 107 «#71: G |103 67 147 &«#103; o
& & 010 BEZ (backspace) 40 28 050 &#40; | 72 48 110 «#72; H |104 65 150 &#104: h
9 9 011 TAR (horizontal tah) 41 29 051 &#41: ) 73 49 111 «#73; I |105 69 151 &#105; 1
10 & 012 LF (NL line feed, new line)| 42 Z4 052 &#d2; & 74 4h 112 &#74: T |106 64 152 &#106; 3
11 B 013 ¥T (wertical tab) 43 2B 053 #4537 + 75 4B 113 &«#75; K |107 6B 153 &#107; k
1z C 014 FF (NP form feed, new page)| 44 2ZC 054 «#44; , 76 4C 114 #76; L |[1l0g &C 154 &#108; 1
13 D 015 CR (carriage return) 45 20 055 &#45: - 77 4D 115 &«#77: M (109 6D 155 &#109; m
l4 E 0l 30 (shift out) 4 ZE 056 &#46; . 78 4E 116 &«#7S5; N (110 6E 156 &#110:; n
15 F 017 5T (shift in) 47 2F 0587 &#47: 1 79 4F 117 «#79: 0 |111 &F 157 «#1l1: o
16 10 020 DLE [data link escape) 45 30 060 &#45: 0 80 50 120 &«#30; P |11Z 70 le0 &#ll=Z: b
17 11 021 DCLl (dewice control 1) 49 31 0Al &#49: 1 g1 51 121 «#31:; 0 (113 71 161 &#113: 9
13 12 022 DCZ (dewice control 2] B0 32 06Z &#50; 2 G2 52 122 &#32; B (114 72 16z &#ll4d; ¢
19 13 023 DC3 [(dewice contraol 3) 51 33 063 &#531: 3 83 53 123 &#83; 3 |115 73 163 &#ll5: =
20 14 024 DC4 [dewice control 4) L2 34 06d &#52; 4 g4 54 124 «#54; T |11a 74 1l6d &#lla; ©
21 15 025 NAE (negative acknowledge) B3 35 0A5 &#535: 5 G5 55 125 &«#35; T [117 75 165 &#117: u
22 16 026 YN (synchronous idle) 54 36 066 &#54d: 6 gn 56 126 &#36; WV (118 76 lag &#l18: v
23 17 027 ETE [(end of trans. block) 55 37 087 &#55: 7 g7 57 127 &«#37: W |119 77 167 &#119; w
24 18 030 CALN (cancel) S6 38 070 &#56: 3 83 55 130 &#85; X |120 73 170 &#1l20; =
25 19 031 EM  (end of medium) 57 39 071 «#57: 9 59 59 151 «#89; ¥ |121 79 171 «#1:21: ¥
26 1 032 SUB (substitute) 58 34 072 &#535: : a0 54 132 &#90:; £ (122 7Th 172 &#lZd: 2
27 1B 033 E3C [escape) 59 3B 073 &#59: : 9]l 5B 133 &#91; [ |123 7B 173 &#123; |
28 1C 034 F3  [(file =eparator) g0 3C 074 &#60; < 92 BC 134 «#92: % |1z24 7C 174 &#l24;
29 1D 035 G35 (group sSeparator) Gl 30 075 &#6l: = 93 5D 135 &#93; ] [125 7D 175 &#125; 1}
30 1E 036 B3 (record separator) G2 3E 076 &#0Z: » 94 BE 136 &«#94:; ~ [1Z6 7E 176 &#l=6; ~
31 1F 037 TS  [unit separator) &3 3F 077 «#63; 7 95 S5F 137 s#95;  |127 7F 177 &#127; DEL
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Enekropévog mivakag yio EAANVIKOUG (OpOKTNPES:

Dec
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191

OpenGL 2015-02-15

Hex Char
A

B
r
0
E
2
H
:]
I
K
il
M
N
1]
n
P
i3
T
¥
b
X
P
0
o
B
¥
a
£
4
n
a
L
X
d
n
v
g
o
m
p
T
S
T
u
P
X
y

80
81

g2
83
34
85
86
a7
38
89
84
8B
8C
8D
8E
8F
90
91

92
93
94
95
96
97
98
99
94
9B
9C
SD
9E
9F
AD
Al

A2
AZ
Ad
AS
A
AT
AB
A
AR
AB
AC
AD
AE
AF
BO
Bl

B2
B3
B4
B5
BG
B7
B8
B9
BA
BB
BC
BD
BE
BF

N

e = e ===

-

Description
Greek upper case alpha
Greek upper case beta
Greek upper case gamma
Greek upper case delta
Greek upper case epsilon
Greek upper case zeta
Greek upper case eta
Greek upper case theta
Greek upper case iota
Greek upper case kappa
Greek upper case lamda
Greek upper case mu
Greek upper case nu
Greek upper case xi
Greek upper case omicron
Greek upper case pi
Greek upper case rho
Greek upper case sigma
Greek upper case tau
Greek upper case upsilon
Greek upper case phi
Greek upper case chi
Greek upper case psi
Greek upper case cmega
Greek lower case alpha
Greek lower case beta
Greek lower case gamma
Greek lower case delta
Greek lower case epsilon
Greek lower case zeta
Greek lower case eta
Greek lower case theta
Greek lower case iota
Greek lower case kappa
Greek lower case lamda
Greek lower case mu
Greek lower case nu
Greek lower case xi
Greek lower case omicron
Greek lower case pi
Greek lower case rho
Greek lower case sigma
Greek lower case final sigma
Greek lower case tau
Greek lower case upsilon
Greek lower case phi
Greek lower case chi
Greek lower case psi
Light shade
Medium shade
Dark shade
Box drawings light vertical
Box drawings light vertical and left
Box drawings vertical single and left double
Box drawings vertical double and left single
Box drawings down double and left single
Box drawings down single and left double
Box drawings double vertical and left
Box drawings double vertical
Box drawings double down and left
Box drawings double up and left
Box drawings up double and left single
Box drawings up single and left double
Box drawings light down and left

Dec
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
243
249
250
251
252
253
254
255

Hex Char

co
c1
c2
3
c4
cs
6
7
cs
o
[
B
cc
D
CE
CF
Do
D1
D2
D3
D4
D5
D6
D7
D8
Do
DA
DB
DC
DD
DE
DF
ED
El
E2
E3
E4
ES
E6
E7
ES
E2
EA
EE
EC
ED
EE
EF
FO
F1
F2
F3
F4
Fs
F6
F7
F8
Fo
FA
FB
FC
FD
FE
FF

L

k= r=—r—+ | —— |+

Ot Ze 0 2 €| N ™=l Bl ——==m o | R | E R ==

LNV RR T e il = e il =S T H ]

0 el -

Description
Box drawings light up and right
Box drawings light up and horizontal
Box drawings light down and horizontal
Box drawings light vertical and right
Box drawings light horizontal
Box drawings light vertical and horizontal
Box drawings vertical single and right double
Box drawings vertical double and right single
Box drawings double up and right
Box drawings double down and right
Box drawings double up and horizontal
Box drawings double down and horizontal
Box drawings double vertical and right
Box drawings double horizontal
Box drawings double vertical and horizontal
Box drawings up single and horizontal double
Box drawings up double and horizontal single
Box drawings down single and horizontal double
Box drawings down double and horizontal single
Box drawings up double and right single
Box drawings up single and right double
Box drawings down single and right double
Box drawings down double and right single
Box drawings vertical double and horizental single
Box drawings vertical single and horizontal double
Box drawings light up and left
Box drawings light down and right
Full block:
Lower half block
Left half block
Right half block
Upper half block
Greek lower case omega
Greek lower case alpha with tonos
Greek lower case epsilon with tonos
Greek lower case eta with tonos
Greek lower case iota with dialytika
Greek lower case iota with tonos
Greek lower case omicron with tonos
Greek lower case upsilon with tonos
Greek lower case upsilon with dialytika
Greek lower case omega with tonos
Greek upper case alpha with tonos
Greek upper case epsilon with tonos
Greek upper case eta with tonos
Greek upper case iota with tonos
Greek upper case omicron with tonos
Greek upper case upsilon with tenos
Greek upper case omega with tonos
Plus-minus sign
Greater-than or equal to
Less-than or equal to
Greek upper case iota with dialytika
Greek upper case upsilon with dialytika
Division sign
Almost equal to
Degree sign
Bullet operator
Middle dot
Square rook
Superscript latin lower case n
Superscript two
Black square
No-break space
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9. AAAMNAETS paGT) LE TO TIOVTIKL

e H evtoln glutMouseFunc(function) koiel Tv cuvapTon TOV TEPLEYEL TIC EVTOAEG GAANAETIOpOGNC LE
TO TOVTiKL

e H ovvaptnon void function (int button, int state, int x, int y) dwfdalel v KaTAGTOOT TOL TOVIIKIOD Ko
mv omodnkevel o petofAntéc. H petafint button maipver v tiun tov xovumod mov mathoOnke
(GLUT_LEFT_BUTTON, GLUT_MIDDLE_BUTTON, GLUT _RIGHT BUTTON). H petapint state
wailpvel MV T TG Kotdotoong tov kovumiov tov movtikiov (GLUT UP, GLUT DOWN). Ot
HETAPANTEG X, Y TOUPVOLV TIG TWEG TMV CLVIETAYUEV®V OTOV PBPIoKETOL TO TOVTIKL TNV OTIYH| 7OV
nathOnke Eva Kovumi Tov.

e H evtoAn glutMotionFunc(function) xolel Tnv cuvaptnon mov TepléEyet TIg EVIOAEG OAANAETIOpaoN G pe
T0 TOVTiKL KaODG avtd Kiveiton

e H ovvaptnon void function (int x, int y) dwfdler v kivinon tov movTiKiod Kol v amodnkedel o
petaPAntéc. Ot petafAnTég X, y maipvouv Tig TIHEG TOV GUVTETAYUEVOV 0oL PploKeTal TO TOVTiKL

Mopdderypo kOoKa:

#include <GL\glut.h>
#include <stdio.h> /* library for input/output */

void drawMousePoint (int pos_x, int pos_y) {

/* Draws point following mouse move */
glPointSize (5); /* Set the points size */
glColor3f(0.0,0.0,1.0); /* Set the drawing color */
glBegin (GL_POINTS); /* Draws points */
glVertex2f (pos_x, pos_y);

glEnd ();

glFlush(); /* Force update of screen */

}

// mouse callback

void mouseClick(int button, int state, int x, int y) {

if( button == GLUT_LEFT_BUTTON && state == GLUT_DOWN ){
printf("Left mouse button pressed\n");

}

if( button == GLUT_RIGHT_BUTTON && state == GLUT_DOWN ){
printf("Right mouse button pressed\n");

}

}

// mouse motion callback

void mouseMotion(int x, int y) {
printf("X = %i, Y = %i\n",x, 500-y);
drawMousePoint(x,500-y);

}

void display (void) {

/* Called when OpenGL needs to update the display */
glClearColor (1.0,1.0,0.0,0.0); /* Set the window color*/
glClear (GL_COLOR_BUFFER_BIT); /* Clear the window */
glFlush(); /* Force update of screen */

}

int main (int argc, char **argv) {
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glutlnit (&argc, argv); /* Initialise OpenGL */

glutinitWindowsSize (500, 500); /* Set the window size */

glutinitWindowPosition (100, 100); /* Set the window position */

glutCreateWindow ("Mouse Interaction openGL-GLUT"); /* Create the window */
glutDisplayFunc (display); /* Register the "display" function */

glutMouseFunc (mouseClick); /* Register the "mouseClick" function */
glutMotionFunc(mouseMotion); /* Register the "mouseMotion" function */

glOrtho (0.0, 500, 0.0, 500, -1.0, 1.0); /* creates a matrix for an orthographic projection */
glutMainLoop (); /* Enter the OpenGL main loop */

return O;

}
ATOTELEG PO EKTELEGTG KOOLKA:

Edv yiver KAk og kamolo kovumi tov movtikiov gpeaviletal oty Kkoveoila €000V UNvuua LLE TO
Kovpmi Tov watnOnke. Otav £va Kovuni Tov TovTiKiov gival Tatnuévo T0Te oyeddleTon Kovkida 6to onueio
oL PpickeTon TO TOVTIKL, LE TOV TPOTO AVTO UTOPOVUE VO GYEIAGOVLE GTHY 006V.

i

&= Mouse Interaction openGL-GLUT | | =] |ﬂh

DADIMITRIS_1 Docu
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¥
¥
¥
¥
¥
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¥
¥
¥
¥
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¥
¥
¥
¥
¥
¥
¥
¥
¥

zition (100, 100):

{"Mouse Interactiol
(di=zplavy): s
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juseMotion) ;
), 0.0, 500, -1.0, %

£
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10. Anpovpyla pevov

e H evtoAn glutCreateMenu(function) dnpovpyet £va pop Up pevov Kot KaAED TV Guvaptnon 1 omoia
TEPLEYEL TIC EVTOAEG TTOL KOAOVVTOL LE TNV EMA0YN TOL KdOBE GToLyEiov TOL PEVOD

e H ovvaptnon void function (int value) mepiéyetl T evioléc mov kaAoVVTOL PE TNV ETAOYN TOL KO
otolyeiov tov pevoy. Aéyetal g dpiopa Eva aképato apliud mov gival o avwmv aptudg Tov ctotyeiov
TOL HEVOD EEKIVAOVTAG 0o TO 1

e H evtoAn glutAddMenuEntry(char *name, int value) mpocbétel éva otoryeio 6To pEVOD, déyETOL OC
opopa 10 epeaviiopevo keipevo kot Tov avéovta apliud tov ctotyeiov

e H evtoln glutAttachMenu(int button) cvvdéel o pevod pe évo amd T KOLUTIO TOV TOVTIKOD, dEXETL
o opwopo 10 Kovpmi pe  twég GLUT_LEFT_BUTTON, GLUT_MIDDLE_BUTTON,
GLUT_RIGHT_BUTTON

Mopdderypo kOoKaA:

#include <GL\glut.h>
#include <stdio.h> /* library for input/output */

void drawMousePoint (int pos_x, int pos_y) {
/* Draws point following mouse move */
glPointSize (5); /* Set the points size */
glBegin (GL_POINTS); /* Draws points */
glVertex2f (pos_x, pos_y);

glEnd ();

glFlush(); /* Force update of screen */

}

// mouse callback

void mouseClick(int button, int state, int x, int y) {

if( button == GLUT_LEFT_BUTTON && state == GLUT_DOWN ){
printf("Left mouse button pressed\n");

}

if( button == GLUT_RIGHT_BUTTON && state == GLUT_DOWN ){
}

}

// mouse motion callback

void mouseMotion(int x, int y) {
printf("X = %i, Y = %i\n",x, 500-y);
drawMousePoint(x,500-y);

}

//create a menu

void mymenu(int value) {

if(value == 1)
glClear(GL_COLOR_BUFFER_BIT);
glFlush(); /* Force update of screen */

if(value == 2)

glColor3f(0.0,0.0,1.0); /* Set the drawing color for drawing*/
if(value == 3)

glColor3f(1.0,1.0,1.0); /* Set the drawing color for erasing*/
if(value == 4)

exit(0);

}
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void display (void) {

/* Called when OpenGL needs to update the display */
glClearColor (1.0,1.0,1.0,0.0); /* Set the window color*/
glClear (GL_COLOR_BUFFER_BIT); /* Clear the window */
glColor3f(0.0,0.0,1.0); /* Set the drawing color for drawing*/
glFlush(); /* Force update of screen */

}

int main (int argc, char **argv) {

glutinit (&argc, argv); /* Initialise OpenGL */

glutinitWindowsSize (500, 500); /* Set the window size */

glutinitWindowPosition (100, 100); /* Set the window position */

glutCreateWindow ("Mouse Interaction with menu openGL-GLUT"); /* Create the window */
glutDisplayFunc (display); /* Register the "display" function */

glutMouseFunc (mouseClick); /* Register the "mouseClick" function */
glutMotionFunc(mouseMotion); /* Register the "mouseMotion" function */

glOrtho (0.0, 500, 0.0, 500, -1.0, 1.0); /* creates a matrix for an orthographic projection */
glutCreateMenu(mymenu); // single menu, no need for id

glutAddMenuEntry("Clear Screen", 1);

glutAddMenuEntry("Draw", 2);

glutAddMenuEntry("Erase", 3);

glutAddMenuEntry("Exit", 4);

glutAttachMenu(GLUT_RIGHT _BUTTON);

glutMainLoop (); /* Enter the OpenGL main loop */

return O;

}
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AToTéleOoNO EKTELECTS KOOIKA:
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YPNOTNG UTOPEL VO oYXEOIACEL e TO TOVTIKL, Vo 6PN oeL avTd oV oyediace Kot va kabapicel v 0006v.
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Mapamopmnég

e Aiota evtodwv OpenGL: https://www.opengl.org/sdk/docs/man4/

1. glClearColor : https://www.opengl.org/sdk/docs/man4/html/glClearColor.xhtml
2. glClear : hhttps://www.opengl.org/sdk/docs/man4/html/glClear.xhtml

3. glFlush : https://www.opengl.org/sdk/docs/man4/html/glFlush.xhtml

4. glBegin : https://www.opengl.org/sdk/docs/man2/xhtml/glBegin.xml

5. glEnd : https://www.opengl.org/sdk/docs/man2/xhtml/glBegin.xml

6. glVertex : https://www.opengl.org/sdk/docs/man2/xhtml/glVertex.xml

7. glPointSize : https://www.opengl.org/sdk/docs/man4/html/glPointSize.xhtml
8. glLineWidth : https://www.opengl.org/sdk/docs/man4/html/glLineWidth.xhtml
9. glColor : https://www.opengl.org/sdk/docs/man2/xhtml/glColor.xml

10. glOrtho : https://www.opengl.org/sdk/docs/man2/xhtml/glOrtho.xml

11. glRasterPos : https://www.opengl.org/sdk/docs/man2/xhtml/gIRasterPos.xml

e Aiota evtodwv GLUT: https://www.opengl.org/documentation/specs/glut/spec3/spec3.html
1. glutinit :
https://www.opengl.org/documentation/specs/glut/spec3/node10.htmI#SECTION00031000000000000000
2. glutCreateWindow
https://www.opengl.org/documentation/specs/glut/spec3/nodel6.htmI#SECTION00051000000000000000
3. glutDisplayFunc :
https://www.opengl.org/documentation/specs/glut/spec3/node46.htmI#SECTION00081000000000000000
4. glutMainLoop
https://www.opengl.org/documentation/specs/glut/spec3/nodel14.htmI#SECTION00041000000000000000
5. glutlnitWindowsSize
https://www.opengl.org/documentation/specs/glut/spec3/nodel11.htmI#SECTION00032000000000000000
6. glutlnitWindowPosition
https://www.opengl.org/documentation/specs/glut/spec3/nodel1.htmI#SECTION00032000000000000000
7. glutBitmapCharacter
https://www.opengl.org/documentation/specs/glut/spec3/node76.html
8. glutKeyboardFunc
https://www.opengl.org/documentation/specs/glut/spec3/node49.html
9. glutMouseFunc
https://www.opengl.org/documentation/specs/glut/spec3/node50.html
10. glutMotionFunc
https://www.opengl.org/resources/libraries/glut/spec3/node51.html
11. glutCreateMenu
https://www.opengl.org/documentation/specs/glut/spec3/node36.html
12. glutAddMenuEntry
https://www.opengl.org/resources/libraries/glut/spec3/node39.html
13. glutAttachMenu
https://www.opengl.org/documentation/specs/glut/spec3/node44.html
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