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. https://compsciclub.ru/courses/graphics2018/2018-autumn/classes/
http://www.school30.spb.ru/cgsg/cgc2018/
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(5 | CTpyKTypa B3aMMOAeNCTBUSI IPUNOXEHNUS C annapaTypoil oaL.

[lporpamma

API

application program interface
v

HAL

hardware abstraction layer

Driver

Graphics Hardware
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e Open GL - open graphics library
(SGI, 90-e roabl, Bepcumn 1.0-4.2)
L —  GLUT - OpenGL Utility Toolkit (http://www.opengl.org/resources/libraries/glut/)
pen _ —  FreeGLUT — Free OpenGL Utility Toolkit (http:/sourceforge.net/projects/freeqglut/)
—  GLFW - Graphics Library Framework (http://www.qglfw.org)

—  GLEW - OpenGL Extension Wrangler Library (http://glew.sourceforge.net/)
—  GLM - OpenGL Mathematics (http://glm.g-truc.net/)

Microsoft
a
D I re Ctx Microsoft DirectX Graphics - yacts MS DirectX API (Direct3D)
(1995 Microsoft Corp., Windows Game SDK, sepcun 1.0-12.0)
— D3DX - retained mode toolkit

—  XNA - Xbox New Architecture (http://msdn.microsoft.com/ru-ru/xna/)
—  Microsoft DXR (DirectX Raytracing)

Vulkan - kpoccnnatcdopmenHsl API gns 2D u 3D rpadmku
(2016 Khronos Group, Bepcun 1.0-1.1.95)

Vulkan
u .(a ™ °

—  Vulkan API (http:// www.khronos.org/vulkan/)
M ¢  Metal - Apple Inc. (2014, macOS, iOS,)
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() ' Mopgenb aHMMaLmm oor’

* AHMMauUmnsa (OCHOBHOW LMKIT MporpamMmmebi)
= Baanmopencteume ¢ OC
» CUHXPOHM3aALMSA NO BPEMEHM
= Onpoc yCcTpoucTB BBOAA
* BbiBOA (peHOepuHr)
* lHmymanunsaumsa API
* BbiBOA Kagpa
= XpaHeHUe reoMeTpu4ecKnx o0 bLEKTOB
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0ld style: (Knaccuuyeckul BapuaHm co cmaHdapmHou 6ubauomekol)

#include <time.h>
clock() -> tick -> CLOCKS_PER_SEC

Ha cmapme npo2pammsi:
clock_t StartTime = clock();

HaG Kaxoom waze:
clock t t = clock();

GlobalTimeInSec = (t - StartTime) / (double)CLOCKS PER_SEC;

CGSG CaHkT-lNeTepOyprckui rybepHaTopckum
®MA Ne 30 ®U3NKO-MATEMATUYECKUW NULIEA Ne 30
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(5 - CMHXpOHM3ALMA NO BPEMEHMN 0GL

High resolution timer: (BapuaHm c malmepoB Bebicokoe2o pa3peuweHuUusa - WinAPI)

unsigned long long
StartTime,
TimePerSec;

Ha cmapme npo2pammbi:
LARGE_INTEGER t;

onpedenume mo4yHocme maitimepa (muku B cekyHOy)
QueryPerformanceFrequency(&t);
TimePerSec = t.QuadPart;

onpedenums 6Bpema Ha4ana
QueryPerformanceCounter(&t);
StartTime = t.QuadPart;

Ha Kaxoom waeze:
LARGE_INTEGER t;

QueryPerformanceCounter(&t);
GlobalTimeInSec = (double)(t. QuadPart - StartTime) / TimePerSec;

5 COMPUTER Computer Graphics Support Group @ 1 ManuHckun B.A.
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() CUMHXpOHM3aLMsI MO BPEMEHH oo

-- Bpemsa Hauyana npozpammbl

StartTime
-- obuee Bpema pabomel - global time

t - StartTime
-- mexkadpoBasa 3adepxka BpemeHu (6e3 yyema nay3wl) - global delta time

t - 01dTime (0LdTime - Bpema npouwnoco Kadpa)
-- pause flag:

IsPause
-- sokanevHoe Bpema (c y4vemom nay3ei) - Local time

t - PauseTime - StartTime
-- mexkadpoBasa 3adepxka c yyemom nay3el - Local delta time

== global delta time ecnun !IsPause

== ecnum IsPause
0n4 6viyucneHus PauseTime:

ecnn IsPause:

PauseTime += t - 0ldTime
-- 0218 onpedeneHua KoauvyecmBa kadpoB B ceKyHOy - frames per second (FPS):

1 time per second:

FrameCounter - c4YeT4YMK Kagpos 01dTimeFPS - BpeMA npousioro 3amepa FPS

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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O CUHXPOHM3aLMSA MO BPEMEHM oor

LARGE_INTEGER t;
QueryPerformanceCounter(&t);

FrameCounter++;
if (t.QuadPart - 01ldTimeFPS > TimePerSec)

{
FPS = FrameCounter * TimePerSec / (DBL)(t.QuadPart - 0l1dTimeFPS);
01dTimeFPS = t.QuadPart;
FrameCounter = 0;

}

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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() OpenGL oor

Dauinbl 3a20/106K08:
#include <gl/gl.h>
#include <gl/glu.h>
bubnuomexu.
opengl32 + glu32
06 umenax ¢ GL:
Cokpamernnsa: GL - OpenGL GLU — gcnomozamenvHbvie QyHKYUU
GLUT — uumepdgeticnas uacmos u m.n. om GLUT
GLEW — Oubiuomeka pabomol ¢ pacuiupeHusimu

Npe@pUKCEI:

glNameName — (ysHkiun: glClear (0); glPolygonMode(...);
GL NAME NAME — koHCTaHThl: GL FRONT AND BACK, GL POINTS
GLname — BHYTpEeHHUE TUIILI: GLbyte

FanuHcknn B.A.
Npacdhuka peanbHoro BpemeHun. OpenGL
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(5 OpenGL+GLEW oer

OpenGL Extension Wrangler Library “
[TogknroueHue pacHIUpeHU — JONOJHEHMM W HOBBIX  (DYyHKIIMI t}‘f
(HEOOXO0IMM BCeraa Il COBPEMEHHBIX BEpPCH, MOAKJIIOUAET BCE HOBBIC

Bo3MokHOcTH OpenGL, Oeps Ha cebOsd Hy)KHbIe WHUIIMATU3AINN)
http://glew.sourceforge.net

lModknro4eHue kK npoekmy:

#define GLEW_STATIC <-- oTkas oT glew32.dll
#include <glew.h> <-- momkJiouaeTrca mo GL/*** H
+ 6ubsmoreka: glew3Zs

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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O GLUT

Graphics Library Utility Toolkit

GLUT (~1997)
http://www.opengl.org/resources/libraries/glut/glut_downloads.php

FreeGLUT (~2011)

http://sourceforge.net/projects/freeglut/

Obpabomka écezo, Ymo C6A3aHHO ¢ unmepgelcom: okna, cozoanue "yuxna" coodwenuti u
M.N., OP2AHU3AYUsL 8600a (MblUb, KIABUAMYPA, OHCOUCMUK U M.O.).
Cobvimust obpabamuleaiomest ¢ nomouvio gynxyuti "oopamnoeo évizosa” (CALLBACK).

[IookJIoUueHME
#include "glut.h"
+ BubnmoTeka glut32 (obOpluHO nomkJouaeTcsa depes glut.h)

B OS Windows HeoOxoIMma IOMHaMMueckas OubiamoTka glut32.dll

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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<stdlib.h>
<glut.h> {

#include
#include

void Display( void )
{
glClear(GL_COLOR_BUFFER BIT | GL_DEPTH BUFFER BIT);

glFinish();
glutSwapBuffers();
glutPostRedisplay();

¥

void Keyboard( unsigned char Key,

{
if (Key
exit(0);

int X, int v )

27) }
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int main( int argc, char *argv[] )

glutInit(&argc, argv);
glutInitDisplayMode(GLUT RGB | GLUT DOUBLE | GLUT_DEPTH);

glutInitWindowPosition(@, ©);
glutInitWindowSize(50@, 500);
glutCreateWindow("Sample");

glutDisplayFunc(Display);
glutKeyboardFunc(Keyboard);

glutMainLoop();
return @;

FanuHcknn B.A.
Npacdhuka peanbHoro BpemeHun. OpenGL
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' WINAPI OGL

#include <windows.h> /* CospaHue okHa */
hiWnd =
#define WND_CLASS_NAME "My window class" CreateWindow(WND_CLASS_NAME, "Title",
WS_OVERLAPPEDWINDOW,
/* TnaeHasa ¢yHKUMA nporpammsl */ CW_USEDEFAULT, CW_USEDEFAULT,
INT WINAPI WinMain( HINSTANCE hInstance, HINSTANCE hPrevInstance, CW_USEDEFAULT, CW_USEDEFAULT,
CHAR *CmdLine, INT ShowCmd ) NULL, NULL, hInstance, NULL);
{ /* MNokazaTe U nMepepucoBaTb OKHO */
WNDCLASS wc; ShowWindow(hWnd, SW_SHOWNORMAL);
HWND hwWnd; UpdateWindow(hWnd);
MSG msg; /* Uukn obpaboTku coobueHuin */
while (TRUE)
wc.style = CS_VREDRAW | CS_HREDRAW; {
wc.cbClsExtra = @; if (PeekMessage(&msg, NULL, @, @, PM_REMOVE))
wc.cbWndExtra = @; {
wc.hbrBackground = (HBRUSH)COLOR_WINDOW; if (msg.message == WM_QUIT)
wc.hCursor = LoadCursor(NULL, IDC_ARROW); break;
wc.hIcon = LoadIcon(NULL, IDI_APPLICATION); TranslateMessage(&msg);
wc.lpszMenuName = NULL; DispatchMessage(&msg);
wc.hInstance = hInstance; }
wc.lpfnWndProc = MyWindowFunc; else
wc.lpszClassName = WND_CLASS_NAME;
}
/* PerwcTpauus knacca B cucTeme */ return msg.wParam;
if (!RegisterClass(&wc)) } /* End of 'WinMain' function */
{
MessageBox(NULL, "Error register window class", "ERROR", MB_OK);
return 0;
b
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o In OGL
/* OyHKUMA 06paboTkKM coobleHus okKHa */

LRESULT CALLBACK MyWindowFunc( HWND hWnd, UINT Msg,
WPARAM wParam, LPARAM 1lParam )

{
HDC hDC;
PAINTSTRUCT ps;
int w, h;

switch (Msg)

{

case WM_CREATE:
SetTimer(hlind, 3@, 3, NULL);
return @,

case WM_SIZE:
w = LOWORD(1lParam);
h = HIWORD(1lParam);
return 9;

case WM_ERASEBKGND:
return 1;

case WM_TIMER:
return 9;

case WM_PAINT:
hDC = BeginPaint(hWnd, &ps);
EndPaint(hlind, &ps);
return @;

case WM_DESTROY:
KillTimer(hwWnd, 3@);
PostQuitMessage(9);
return @,

}

return DefWindowProc(hWnd, Msg, wParam, lParam);

} /* End of 'MyWindowFunc' function */
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- WInAPI OGL

0S Animation Application Render3D

WinMain: MaCCHE S/NEMEHTOB aHWMaLUM

- perucTpauusa Knacca UNIT:

OKHa ﬁ_.____NL
- co3jaHWe OKHa /

- AnimInit(); ~
- UuMKA coobuweHwii 2 <N
while (GetMessage(...)) "ﬂHuquaﬂusaqu,q / Init (An 1IT'I) 8]

DispatchMessage(...); uHuyuanusayus

=RndInit();

RndClose();

AnimCl 0 RndResize(W, H);
nimClose(); = . A
yj’aeuuuuuanusauug,f Close(Anim);

WinFunc:
WM_GETMINMAXINFO: deunuyuanusayus RndStart();

R AnimResize(W, H);

' - 2 2 . .

WM_CREATE usMeHeHue pasmepa :gdp/ Response(Anlm); RndEnd(),
WM ) SI.[ZI.E . offfauk snemenma aHuMgqlu Ha

_ H . . ‘meHy kadpa (06 u_‘é ndCobvFrame .

o #AnlmCOpyFrame(), enaBuamype, A5G _ =R 2% OF
WM_TIMER: konupoBarue kadpa

L "'-__ﬁﬂh\\\ﬂh—_‘ﬁﬁ ,/’/1$é;;;er‘ i [
WM_ERASEBKGND : ™AnimRender ( ) 5 /,@ﬁco 31eMeHma aHumayuu

nocmpoeHue kadpa ./ RndPrim:

WM_PAINT: (onpoc ycmpolicmB 66065,0/ ]
e . o6HoBneHue matmepa, onpoc

WM DESTROY: Bcex saemeHmoB aHuMayuu u B Kaxgyw QyHKUMIo sneMeHTa
- 661308 y HUX GyHKUUU aHUMaUuUKU MpUXCAUT MapameTp

Response, owucmka kadpa u - Anim - Tekywnii KOHTekcT
Be1306 y Beex GyHKYUL (napameTpbl) aHMMaLWu:

Create/Load/Free/Draw

Input:

WM_MOUSEWHEEL : aHuMauuu Render) - KnaeuaTypa
.o - Mblwb
WM_MOUSE*** - DXOMCTUK
WM_KEY*** +KOHTeKCT aHuUMauuu - Taiimep
R ANIM Anim; - nNapameTpbl BBOAA

- nNapameTpbl BU3YaaW3aUWK

COMPUTER Computer Graphics Support Group ' FanuHckun B.A.
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) WInAPI: OpenGL o
() WInAPI: numumnanmnsaumua Open oL
/* Windows specific global data */ /* GLEW initialize */
HWND  VG4_hRndWnd; if (glewInit() != GLEW_OK ||
HDC VG4_hRndDC; | (GLEW_ARB_vertex_shader && GLEW_ARB_fragment_shader))
HGLRC VG4_hRndGLRC; {
wglMakeCurrent(NULL, NULL);
RndInit: wglDeleteContext (VG4_hRndGLRC);
INT 1i; ReleaseDC(VG4_hRndWnd, VG4_hRndDC);
PIXELFORMATDESCRIPTOR pfd = {@}; exit(e);
}
/* Store window and create device context */ /* OpenGL set render parameters */
VG4_hRndWnd = hind; glClearColor(e.3, ©.5, 8.7, 1);
VG4_hRndDC = GetDC(hWnd);
/* OpenGL init: pixel format setup */ glEnable (GL_DEPTH_TEST);
pfd.nSize = sizeof(PIXELFORMATDESCRIPTOR); glEnable(GL_BLEND);
pfd.nVersion = 1; glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);
pfd.dwFlags = PFD_DOUBLEBUFFER | PFD_SUPPORT_OPENGL;
pfd.cColorBits = 32; glEnable (GL_PRIMITIVE_RESTART);
pfd.cDepthBits = 32; glPrimitiveRestartIndex(-1);
i = ChoosePixelFormat(VG4_hRndDC, &pfd);
DescribePixelFormat(VG4_hRndDC, i, sizeof(pfd), &pfd); RndClose:
SetPixelFormat(VG4_hRndDC, i, &pfd); wglMakeCurrent (NULL, NULL);
wglDeleteContext(VG4_hRndGLRC);
/* OpenGL init: setup rendering context */ ReleaseDC(VG4_hRndWnd, VG4_hRndDC);

VG4_hRndGLRC = wglCreateContext(VG4_hRndDC);
wglMakeCurrent(VG4_hRndDC, VG4_hRndGLRC);
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O6paboTka BbiBoga OpenGL o6L

/*** Rendering specific data ***/ RndCopyFrame:
/* Projection data */ SwapBuffers(VG4_hRndDC);
float -
VG4_RndProjSize = 0.1, /* Project plane unit square size */
VG4_RndProjDist = 0.1, /* Distance to project plane (near) */ RndStart:
VG4_RndProjFarClip = 1eee; /* Distance to project far clip plane (far) */ glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
int
VG4_RndFrameW, VG4_RndFrameH; /* Viewport size */ RndEnd:
/* Transformation matrix /*/ ..
MATR glFinish();
VG4_RndViewMatr, /* View coordinate system matrix */
VG4_RndProjMatr; /* Projection matrix */ AnimRender:
/* Camera parameters */ // onpoc ycTpoilcTe BBOAA
VEC // onpoc Taiimepa

VG4_RndCamLoc,  /* Camera location */ // 6 R
VG4_RndCamRight, /* Camera right direction */ BbISOB y OOBEKTOB aHWMauun Response

VG4_RndCamUp, /* Camera up direction */ VG4_RndStart();
VG4_RndCamDir;  /* Camera forward direction */ // Bh30B y 0bnekToB aHuWmauuu Render
VG4_RndEnd();
RndResize:
float ratio_x = 1, ratio_y = 1;

if (VG4_RndFrameW >= VG4_RndFrameH)

ratio_x *= (float)VG4_RndFrameW / VG4_RndFrameH;
else

ratio_y *= (float)VG4_RndFrameH / VG4_RndFramel;

VG4_RndProjMatr =
MatrFrustum(-ratio_x * VG4_RndProjSize / 2, ratio_x * VG4_RndProjSize / 2,
-ratio_y * VG4_RndProjSize / 2, ratio_y * VG4_RndProjSize / 2,
VG4_RndProjbDist, VG4_RndProjFarClip);
glViewport(e, @, W, H);
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() OpenGL: YcTapeBLumii BbIBOS oot

glBegin (pedcum 3a0aHUA NPUMUMNUGOS) ;

KOMQHOBI 300aHUS NPUMUMUGOE
glEnd () ;

Hanpumep:
glBegin (GL_TRIANGLES) ;
glColor3d(1, 1, 0);
glVertex3d(0.15, 0, 0.15);
glVertex3d(0.15, 0, 8.8);
glvertex3d(8.8, 0, 0.15);
glEnd () ;

Hanpumep, pucosanue oceii X, Yu Z:
glBegin (GL_LINES) ;

glColor3d(l, 0, 0
glVertex3d (0, O,
glVertex4d (1, O,

)

0]

0]
glColor3d (0, 1, 0);
glVertex3d (0, 0, 0);
glVertex4d (0, 1, 0
glColor3d (0, 0, 1)
glVertex3d(0, 0, 0
glVertex4d (0, 0, 1
glEnd () ;
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[TpumuTmebl OpenGL
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Tunsl npumumuBo8 :
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/ \ / \ / \
/ \ / \ / b -
Vse eV, Vsé °VW;  Vsd »V2 VS( »V;
/ \ ¥
o ® . . o d | —
Vo Vi Vo Vi Vo Vi Vo Vi
GL_POINTS GL_LINES GL_LINE_STRIP GL_LINE_LOOP
V.
\,/:—\0/3 ,,4 0 Vs Vi
/ % / 7 V2 Vs & b
‘\\ // vV ‘/ / \ [ - [ 7 '\\
.\ / S y e Vo )
\ / " / Vv V4 2 k)
e e v - 6 Vo
\Y Vi Ve Vi
GL_POLYGON GL_TRIANGLES GL_TRIANGLE_STRIP
VsV,
- V v; Vs
,/. a3 Y% '.»5 v "”7’\\V3
[/ A, . PZ\. Ve~ Vs
1/ A\ V2 ¢ /P2 Va\ /
[ W), b [ \ V.
Vo V3 Ve V2 ¢
GL_TRIANGLE_FAN GL_QUADS ShPRE_S I
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O& [MTpnmnTmBbLI OpenGL oL

-- To4ye4Hble npumumubel
> GL _POINTS — OTpPHCOBKA OTJIbHBIX TOUEK (ka:kgas BepIIHHA - OTJeIbHAad TOUKA)
JIOIIOTHHTEIbHEIE ITapaMeTPEl TOYeYHBIX 00BeKTOB:
e Pasmep ToukH
glPointsize (paswep) ;
e CrnaxupaHHe 1715 ToUeK (KpyI/IEle OKOHTAHHA)
glEnable (GL_POINT_ SMOOTH); -— BK/IIOYECHHE (BpiIKOUeHHe — glDisable (GL_POINT_SMOOTH) ; )

-- JluHeliHble npumumuBbl
» GL_LINES — OTPHCOBKA OTJeIbHEIX OTPE3KOB (KaX/1as 1apa BepIIHH - OTPE30K)
JlornioTHHTeIbHEBIE TapaMeTPhI THHEHHBIX O0BEKTOB:

o ITlupuHa THHHH
glLineWidth (mmpuHa) ;

¢ CriaxuBaHHe THHHA
glEnable (GL_LINE SMOOTH) ;

o HTepHoAIHA [IBeTa MeK Iy BePIIHHAMH

glshadeModel (GL_FLAT mnmu GL_SMOOTH) ; — BKmrodeHHe (GL_SMOOTH — BKIIXOUEH I10 YMOTYAHHIO)
e ITlabmon
glEnable (GL_LINE_ STIPPLE); — BK/IIOUEHHe OTPHCOBKH JIHHHH II0 IIA0IOHY 3aJaHHe Ma0/IoHa:

glLinesStipple (mroorcumens, 16-mu bummnolii wiabion) ;
» GL_LINE STRIP — OTPHCOBKAJIOMaHOMH
» GL_LINE LOOP — OTPHCOBKA3aMKHYTOI JTOMaHOMH

5 COMPUTER Computer Graphics Support Group . ManuHckun B.A.
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' MpumnTresl OpenGL Sor

GL_TRIANGLE_STRIP — mojoca TpeyrolbHHKOB

GL_TRIANGLE FAN — Beep TPeYTOJIBEHHKOB

GL_QUADS — Kau/ble 4 BepIIHHE - YeTHIPEXYTOJILHHK (BEITYKIIBIH) [Vemapesiuiii]
GL QUAD STRIP — mojoca UeTHIPeXyrodbHHKOR [vemapeaiitii]

GL_POLYGON — BRIIYKIKEL MHOTOYTONBHHEK [yermapesuii]

-- [nowagHele MPUMUTMUBSI
» GL_TRIANGLES — OTPHCOBKA TPeyTOIBLHHKA (Kak[as TPOHKa BEePIIHH)
Jlono/THHUTeIBHELE TApaMeTPHI IUTOMAJHBIX OOBEKTOB:

e V miomaaHex pHUryp onpeneIeHO IOHATHE THIIEBOH H TEUTEHOH cTOPOHEL OnpeaernseTcs 3TO M0 00X0/Iy BepPIIHH — IO
YMOIIYAHHIO 00XO0s1 BEPIIHHBI IIPOTHB YACOBOH CTPEJIKH CUHTAETCA, YTO CMOTPHM Ha JIHLEBYIO CTOPOHY.
glFrontFace (GL_CW wmm1 GL_CCW) ; — ompee/feT Kakas CTOPOHA IHIIEBas

(GL_CW — clock-wise — 10 4acoBOM CTPeTKe, GL_CCW — counter-clock-wise — IpOTHB — TO YMOTIAHHIO)

e OTMeHa pHCOBAaHHA OpeaeleHHEIX cTOPoH (culling)

glEnable (GL_CULL FACE); — BKIIOYeHHe “HEPHCOBaHHs] OIPe/eIeHHBIX CTOPOH (IO YMOTIaHHIO — TBUIBHBIX )
KOI'0 HE PHCOBATh:
glCullFace (GL_BACK umd GL_FRONT miu GL _FRONT AND BACK) ;

e CriaxupaHue (yCTpaHeHHe CTYIIeHIaTOCTH)
glEnable (GL_POLYGON SMOOTH) ; — CIriIa)KHBaHHE

o UuTepromius 11BeTa (3axpacka o 7 ypo [Gouraiid shading])
glShadeModel (pexXHM HHTepHOIAIMH IBeTa — GL_FLAT 0e3 criiaxuBaHHs, GL_SMOOTH — €O CIIaKHBaHHEM);

¢ HcmonssoBanue Tpadapera
glEnable (GL_POLYGON STIPPLE); — OTpPHCOBKAa MHOTOYT'OJbHHKOB IIO TpadapeTy:
glPolygonStipple (Macka mpaghapema) ; — 3amaaeT Macky — OHTOBBIH MaccuB 32 Ha 32 Touku (long m[32] ;)

e OOmue rapaMeTprl IOCTPOSHHUA MHOIOYT 0OJIbHHKOB:
glPolygonMode (ko2o, Kax) ;

k020 — GL BACK umH GL FRONT mad GL FRONT AND BACK
kak ~— GL_FILL uwmu GL_LINE umu GL_POINT

5 COMPUTER Computer Graphics Support Group g ManuHckun B.A.
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() Vertex Buffer Object (VBO) o6r

VBO - vertex buffer object (npumnTtuB B BMAEONAMATH):

ans paboTbl HEOOXOAMMbI - MAacCuUB BepuwuH U Oydep BeplunH:
vertex array vertex buffer

(onucaHue pAaHHbiX) (camm  AaHHbe)
KTO rge VERTEX

maccuB BepwuH - VertexArray -
CBA3KAa NOCbHIAaeMblX AaHHbIX cBepxy BHU3 (Llayout).

bybep BewnH - VertexBuffer -
MAaCCUB [OAHHbIX, OTCblJIaeMblX B BUAEOKApPTY.

5 COMPUTER Computer Graphics Support Group ,‘ ManuHckun B.A.
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()" Vertex Buffer Object (VBO) Sor’

XpaHeHne BeplunH:

/* CTpyKTypa XpaHeHuA AaHHbIX O BepuunHe */  typedef struct tagVEC

typedef struct tagvg4VERTEX {
{ float X, Y, Z; /* koopguHaTbl */
VEC P; /* no3unyma */ } VEC;
VEC2 T; /* TekCTypHble KoopauHaTbl */
VEC N;  /* Hopmanb */ typedef struct tagVEC4
VEC4 C; /* UBeT */ {
} VEAVERTEX; float X, Y, Z, W; /* koopguHaThl */
} VEC4;
typedef struct tagVEC2
{
float X, Y; /* koopauHaTbl */
} VEC2;

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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()" Vertex Buffer Object (VBO) ool

WHULUMANN3AUUOHHBIA 3Tan
int VA, VBuf;

glGenBuffers(1l, &VBuf);
glGenVertexArrays(1l, &VA);

/* odenaem akmuBHem maccub BepuwuH */
glBindVertexArray(VA);

3aHOCUM [aHHble B bydep BepluH:

/* denaem akmuBHem bygpep */

glBindBuffer (GL_ARRAY_BUFFER, VBuf);

/* nepedaem OaHHele (NumOfV - konuyecmBo BepuwuH, V - maccuB BepuiuH) */
glBufferData(GL_ARRAY_ BUFFER, sizeof(vg4VERTEX) * NumOfV, V, GL_STATIC DRAW);

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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()" Vertex Buffer Object (VBO) Sor’

yKa3blBaeM B MacCuBe BepluH bydep U Kakue [OaHHble COAEPXWT:

/* npucoeduHaem Kk maccuBy BepwuH 6ygep c OaHHbMU (ecnu ewye He Oenanu) */
glBindBuffer(GL_ARRAY_ BUFFER, VBuf);

/* 3a0aem nopAOGOK OAHHLIX */

/* Layout (Homep ampubyma),
* KoauyecmBo KomnoHeHm,
* mun,
* Hado sau HopmupobBams,
*

pa3smep B 6almax odHo2o 3snemeHma b6ypepa (stride),
cmeweHue 6 balimax 0o Ha4yana OAHHbIX */

glVertexAttribPointer(©, 3, GL _FLOAT, FALSE, sizeof(vg4VERTEX),

(VOID *)@); /* no3uyus */
glVertexAttribPointer(1, 2, GL_FLOAT, FALSE, sizeof(vg4VERTEX),

(VOID *)sizeof(VEC)); /* mekcmypHuie KoopOuHamsl */
glVertexAttribPointer(2, 3, GL_FLOAT, FALSE, sizeof(vg4VERTEX),

(VOID *)(sizeof(VEC) + sizeof(VEC2))); /* Hopmans */
glVertexAttribPointer(3, 4, GL_FLOAT, FALSE, sizeof(vg4VERTEX),
(VOID *)sizeof(VEC) * 2 + sizeof(VEC2)); /* uBem */

*

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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()" Vertex Buffer Object (VBO) Sor

/* BKkawvyaem HyxHele ammpubymei (Layout) */
glEnableVertexAttribArray(0);
glEnableVertexAttribArray(1);
glEnableVertexAttribArray(2);
glEnableVertexAttribArray(3);

/¥ Boikawyunu maccuB BepuwuH */
glBindVertexArray(9);

yaneHue

/* Oesnaem akmuBHeim maccub GepuwuH */
glBindVertexArray(VA);

/* "omuyennaem" 6ygpep */
glBindBuffer(GL_ARRAY_BUFFER, 0);
glDeleteBuffers(1l, &VBuf);

/* denaem HeakmuBHbiM maccub GepuwuH */
glBindVertexArray(0);
glDeleteVertexArrays(1l, &VA);

~ COMPUTER Computer Graphics Support Group T ManuHckun B.A.
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(5 Vertex Buffer Object (VBO) 2917
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CGSG CaHkT-lNeTepOyprckui rybepHaTopckum
DM Ne 30

OTpucoBka:

/* Oenaem akmubHeim maccub GepuwuH */
glBindVertexArray(VA);

/* ompucobka */

glDrawArrays(GL _TRIANGLES, ©, NumOfV);
/¥ Goikawuunu maccub GepuiuH */
glBindVertexArray(0);

ManuHckun B.A.

Computer Graphics Support Group ; o~
@ Npacdhuka peanbHoro BpemeHun. OpenGL
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()" Vertex Buffer Object (VBO) o6l

NHOeKCbl:
UHULMANU3ALMOHHbBIA STam
int IBuf;

glGenBuffers(1l, &IBuf);

3aHOCUM [JaHHble B Oydep MHAEKCOB:

/* Oenaem akmuBHeim bygpep */

glBindBuffer (GL_ELEMENT_ARRAY BUFFER, IBuf);

/* nepedaem OaHHele (NumOfI - konuyecmBo uHOekcoB, I - maccuB uHlOekcoB) */
glBufferData(GL_ELEMENT_ARRAY BUFFER, sizeof(INT) * NumOfI, I, GL_STATIC_DRAW);

vadalneHue

glDeleteBuffers(1, &IBuf);

COMPUTER Computer Graphics Support Group

CGSG = ManuHckun B.A.
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()" Vertex Buffer Object (VBO) Sor

OTpucoBka (MHAEKCUPOBAHHbIE MPUMUTUBSI) :

/* denaem akmubHemm maccub GepwuH */

glBindVertexArray(VA);

/* Oenaem akmub6Hem maccub uHOekcob6 */
glBindBuffer(GL_ELEMENT ARRAY BUFFER, IBuf);

/* ompucobka */

glDrawElements (GL_TRIANGLES, NumOfI, GL UNSIGNED INT, NULL);
/¥ BbIKAw4unu uHoekceol */
glBindBuffer(GL_ELEMENT_ ARRAY BUFFER, 0);

/* 6uikmovunu maccub GepuwuH */

glBindVertexArray(90);

COMPUTER Computer Graphics Support Group ManuHckun B.A.
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(5 ' ['padon4ecknin KoHBenep oGL
Avolicat SN Geometry —N - . A | Pixel
pplication Pl'DCﬁSSjIlg asterization l/ PI'GCESSillg
N, /! \ Y, , J \
\u .f'f \'\. : .
A _x'x \"'-. i "'\\
Yo/ | = I 4 \
= i
CHEHEH | - -
Ml
Vertex J\ ot J\ o J\ Screen
Shading —V Stz —l/ Clipping =/ Mapping
Geometry Processing
Triangle J\ Triangle J\ Pixel J\ T
Setup ‘l/ Traversal ‘V Shading ‘l/ =
Rasterization Pixel Processing
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(5 [ padpmyeckmn KoHBeEnep oo

S 3 \IR0Ra ; .-

Vertex A‘ Tessel- Geometry . Screen Trangle Pixel

Shad lati Shad Clipping Mappine Setup & Shad Merger
ader : ation L/ ader . lapping Traversal ader

Vertex data ->
Vertex shader ->
Tessellation control shader ->
Tessellation evaluation shader ->
Geometry shader ->
Rasterizer (assembling primitives, rasterization) ->
Fragment shader ->
Raster operation (stencil, alpha, scissor, depth, blending) ->
Framebuffer

COMPUTER Computer Graphics Support Group ManuHckun B.A.
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O~ LWeiigepa ot

CPU -»> Vertex attributes -> VS

Cg (NVidia, 2004) -- nepedaem 0n14 KaxOol GBepuiuHsi Habop ampubymoB
GLSL (OpenGL) (no3uyus, uBem u m.n.) 4epe3 VBO
HLSL (DirectSD) shader -> Varying variables -> shader

-- nepemeHHble om Kaxdol 6epuuHsl mo2ym bbimb nepeddHsl
0na OdanvHelwel obpabomku, Hanpumep, nocae BepuwuHHO20
weddepa oHU UHMepnosaupywmca om GBepwuHsl K BGepuuHe 6o

4096 registers
T Bpema pacmepu3auyuu U Ccmpoamca O0A8 Kax0020 nukcenda u
cmporary - « -
s npuxodam 6o ¢paemeHmHell welddep, om PpazmeHmHo20 weddepa
Bbixo0Hble OaHHble nocmynaiom 6 6ydep kadpa
A
16/ 16 / 32 registers Y 16/ 32 / 8 registers Uniform variables - globals
Varying Input Shader Output -- 271064an6Hbie nepemeHHble, OocmynHele 60 Bcex weldepax
Registers Virtual Machine Registers | 00HOU wetidepHolu npo2pamMmbl (Hanpumep, mampuuya
1 1 npeobpa3zoBaHuti, Bpema, meKcmypHsie Ccamnaeps, napamempsl
ocBeweHua u m.n.)
Constant
. Textures
Registers
16 buffers of 128 arrays of
4096 registers 512 textures
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T OcHoBbl GLSL oGL
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bazoBsie munsi:
bool - true | false
int, uint
sampler (samplerlD, sampler 2D, sampler3D)

float
CMpYKmMypHsie :
Vectors:
bvec2, bvec3, bvec4 (bool)
ivec2, ivec3, ivec4 (int)
uvec2, uvec3, uvecd (uint)
vec2, vec3, vecd4 (float)
dvec2, dvec3, dvecd (double)
Matrices:
mat2, mat3, matd (2x2, 3x3, 4x4)
mat2x3, mat2x4, mat3x2, mat3x4, matdx2, matd4x3 (rows x columns)
dmat2, dmat3, dmat4
dmat2x3, dmat2x4, dmat3x2, dmat3x4, dmatdx2, dmatdx3

Computer Graphics Support Group N FanuHcknn B.A.

CGSG CaHkT-lNeTepOyprckui rybepHaTopckum
®MA Ne 30 ®U3NKO-MATEMATUYECKUN NTULIEU Ne 30 Fpad)VIKa peanbHOro BpeMeHu. OpenGL




' OcHoBbl GLSL Sor

3anuce 4ucaoBeix KOHCMAHmM:
1.5 - float
1.5f - float
1.5Lf - double

WHnumanunsaumsa:
float a = 13.47;
bool is_space = false;
ivec3 a = ivec3(1, 2, 3);
UVCCB | - u\v:nr2(1 ) 2N .

vec3 v = vec3(1.0, 2.0, 3);

vec4 vl = vec4(1.09, vec3(4, 5, 6));

vecd v2 = vec4(vec3(4, 5, 6), 8);

vecd4 v3 = vec4(vec2(4, 5), vec2(13, 8));

vecd v3 = vecd(0); <=> vec4(o, 0, 0, 0);

3anofHeHne MaTpuubl No cTonbuam:

mat3 m = mat3(vec3(1, 2, 3),
vec3(3, 4, 5),
vec3(6, 7, 8));

5 COMPUTER Computer Graphics Support Group ‘ ManuHckun B.A.
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T = 378
NOCTyn K KOMMOHEHTaM BEeKTOPOB: Onepauunu:
vec2 p; mat3 T, R, M;
p[e] = 1.0; <-- X vec3 v, b;
p.x = 1; float f;
p.y = 3.3; b =v+ f;
nwbon BeKTop - 3TO Habop nonen: (b.x = v.x + f, b.y = v.y + f, ... )
{x, v, z, w} - reomeTpus
b 'l ncnonbsyeTcA HoTauuA BekToOp-cTonbey:
{PJ gJ 3 a} B LI,BET b = M * V;
{s, Ei P, qi_— TEeKCTypupoBaHue M=R* T
p.x == p.r == p.s b o R* T %y
swizzle: ’
vec3 v = p.xxy; <=> vec3(p.X, p.X, p.y); npg06pa3OB§HMﬂ CKANIAPHLIX TWUMOB:
vecd C = V.rrrr; int a = int(47.13);
.V_e.eq,_r\_—VTpr\_y_y_; bool ¢ = 'False;
[locTyn K KOMMOHEHTaM MaTpul: float x = float(c); <-- 0.0
mat4d m;
m[@] = vec4(l); -- Becb nepBbih cTonbeuy B 1
m[2][1] = 30.50;

vecd v3 = vec4(vec2(4, 5), vec2(13, 8));

Computer Graphics Support Group
CaHkT-lNeTepbyprckuin rybepHaTopckun

CGSG

ManuHckun B.A.
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' OcHoBbI GLSL

3878
OGL

Arpe FraTHble TWMbl:

O

CMpYKmMypel:
struct Light

{
vec3 Pos;
vec4 Color;
float Attenuation;

};

Light L = Light(vec3(8, 8, 8), vec4(1, 0, 0, 1), 0.47);

maccubBei:
Light 1s[10];
for (int 1 = 0; i < 10; i++)
{
1s[i].Attenuation = i / 10.0;

}
for (int i = @; i < ls.length(); i++)

vecqd v;
v.length() --> 4
COMPUTER Computer Graphics Support Group

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKUI NMULIEN Ne 30

[penpoueccop:

#error

#pragma

#version

#define

#if #ifdef #ifndef #else #endif #elif
To4yka BXxoaa:

void main( void )

{

}

FanuHcknn B.A.
Npacdhuka peanbHoro BpemeHun. OpenGL




()" OcHoBbl GLSL oot

JononHumensvHsle QYHKYUU :
float t = dot(Vl, V2);
vec3 V3 cross(Vl, V2);

T X = max(X1, X2)

T X = min(X1, X2)

T X = clamp(X1, A, B) <=> min(max(X1, A), B) <=> (X1 < A? A : X1 >B :B : X)
T X = mix(A, B, t) <=>A* (1 -1t) +B*t

sin cos tan asin acos atan(x) atan(y, x) pow(x, y) log

exp sqrt inversesqrt abs sign floor round trunc ceil mod

float t length(V1)
float t distance(P1, P2)
vec V = normalize(V1)

mat M;

mat T inverse(M)

mat T = transpose(M)
float d = determinant(M)

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKUI NMULIEN Ne 30
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()" OcHoBbl GLSL o6l

OyHKYuUU 014 modenupoBaHua ocBeuyeHuA:
vec V = faceforward(N, I, Nref) <=> dot(I, Nref) < @ ? N : -N

vec R = reflect(I, N) <=> I - 2 * dot(N, I) * N
vec T = refract(I, N, eta) <=> k =1.0 - eta * eta * (1.0 - dot(N, I) * dot(N, I));
if (k < 0.9)
V = vec(0.0);
else

V==eta *I - (eta * dot(N, I) + sqrt(k)) * N;

]|
=)

T

CnpaoyHas Tabnuua: hitps://www.khronos.org/files/opengl46-quick-reference-card.pdf

5 COMPUTER Computer Graphics Support Group - ManuHckun B.A.

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit : =
CLUB omnNe30  OU3NKO-MATEMATUYECKUM NULIEA Ne 30 lpadpmka peansHoro BpemeHn. OpenGL


https://www.khronos.org/files/opengl46-quick-reference-card.pdf
https://www.khronos.org/files/opengl46-quick-reference-card.pdf
https://www.khronos.org/files/opengl46-quick-reference-card.pdf
https://www.khronos.org/files/opengl46-quick-reference-card.pdf
https://www.khronos.org/files/opengl46-quick-reference-card.pdf
https://www.khronos.org/files/opengl46-quick-reference-card.pdf
https://www.khronos.org/files/opengl46-quick-reference-card.pdf
https://www.khronos.org/files/opengl46-quick-reference-card.pdf
https://www.khronos.org/files/opengl46-quick-reference-card.pdf
https://www.khronos.org/files/opengl46-quick-reference-card.pdf

() 3arpyska weiigepa

4178
OGL

int res, NumOfShaders,
shd_type[] =
{
GL_VERTEX_SHADER, GL_TESS_CONTROL_SHADER,
GL_TESS_EVALUATION_SHADER, GL_GEOMETRY_SHADER,
GL_FRAGMENT_SHADER
s
unsigned prg = @, shd[5];
char *txt, buf[1@e@];

/* Load text file */
txt = LoadTextFile("a.vert");
/* Create shader */
shd[@] = glCreateShader(shd_type[@]);
/* Attach text to shader */
glShaderSource(shd[@], 1, &txt, NULL);
free(txt);
/* Compile shader */
glCompileShader(shd[i]);
glGetShaderiv(shd[i], GL_COMPILE_STATUS, &res);
if (res 1= 1)
{
glGetShaderInfolLog(shd[@], sizeof(buf), &res, buf);
ErrorLog(buf);
return;

¥
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/* Create program */

prg = glCreateProgram();

/* Attach shaders to program */

for (i = @; 1 < NumOfShaders; i++)
glAttachShader(prg, shd[i]);

/* Link program */

glLinkProgram(prg);

glGetProgramiv(prg, GL_LINK_STATUS, &res);

if (res !=1)

{
glGetProgramInfolLog(prg, sizeof(buf), &res, buf);
ErrorLog(buf);
return;

}

return prg;
YpaneHve weipgepa:
unsigned i, n, shds[5];

glGetAttachedShaders(Prg, 5, &n, shds);
for (1 =09; i < n; i++)
{
glDetachShader(Prg, shds[i]);
glDeleteShader(shds[i]);

¥
glDeleteProgram(Prg);

ManuHckun B.A.
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() MpocTeiiwmii Wwergep

4278
OGL

vert.glsl
// Bepcuma Aa3bika wengepa (4.5)
#version 450

// KTO Kyaa npuxoauT
Layout(Llocation = 0)
Layout(Llocation = 1)
Layout(Llocation = 2)
Layout(Llocation = 3)

vec3 InPosition;
vec2 InTexCoord;
InNormal;
vec4 InColor;

SIS s
<
®
A
w

// rnobanbHble nepeMeHHble (Npou3BeaeHue
// maTpuy: World * View * Proj)
uniform mat4 MatrWVP;

// BbIXOoAHble napameTpbl (varying)
out vec4 DrawColor;

void main( void )

{

DrawColor = InColor;

}

Computer Graphics Support Group

gL Position = MatrWVP *vec4(InPosition, 1);

frag.glsl
// Bepcua aA3bika wenpepa (4.5)
#version 450

// BbIXOAHbIE MapameTpsl - UBET PUCOBAHUA
Layout(Llocation = @) out vec4d OutColor;

// BXOAHble napameTpbl (varying)
in vec4 DrawColor;

void main( void )

{
}

QutColor

DrawColor;

ManuHckun B.A.
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() Uniforms oor

int loc;
glUseProgram(PrgId);
if ((loc = glGetUniformLocation(PrgId, "Matrix™)) != -1)

glUniformMatrix4fv(loc, 1, FALSE, ykasaTenb Ha MNepBbii SAEMEHT MaTpuubl);

if ((loc = glGetUniformLocation(Prgld, "Vector™)) I= -1)
glUniform3fv(loc, 1, ykasaTenb Ha nNepByWw KOOpAWHATY BeKTOpa);

if ((loc = glGetUniformLocation(Prgld, "FloatNumber")) != -1)
glUniformlf(loc, BewecTBEHHOE YUC/IO);

if ((loc = glGetUniformLocation(ProgId, "IntegerNumber")) != -1)
glUniformli(loc, uenoe 4ucno);

. OTpPUCOBKa
glUseProgram(0);

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit : -
CLUB omnNe30  OU3NKO-MATEMATUYECKUM NULIEM Ne 30  © oF lpadpmka peansHoro BpemeHn. OpenGL
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() TeKcTypupoBaHue o6l

Tenepaniia «c60000HBINY HOMEPOS MEKCINYP 6 MACCHE:
int TexNames[4];
glGenTextures (4, TexNames) ;

Ieperxmwotuerne mexkcinyp (yCinaHo06K A HOMEP d AKINILEHON INEKCINYPbl)
| glBindTexture (GL TEXTURE 2D, number);

OYHKUNIL 3A0AHIUA U3 00D AHCEHIIL 6 ILEKCIYPY:
glTexImage2D (GL_TEXTURE 2D,

o, ypoBeHs MIP (multum in parvo) 0 - HazoBad KapTHMHKa

1, KOJIMUeCTBO KOMIIOHeHT Ha Touky (1, 2, 3, 4)

w, h, IMpPMHa M BBICOTa (OOJKHEL OHITE CTENeHbR 2)

0, HaJlMuMe T'paHWLIE

GL LUMINANCE, TpaKTOBKa KOMIIOHEHT TOUKMU {GL LUMINANCE, GL BGR_EXT, GL_ BGRA EXT)
GL:UNSIGNED_BYTE, TUII KaXOoM KOMIOHeHTE (GL UNSIGNED BYTE, GL E'LOAT)

ptr) ; YKAaBaTenk Ha MACCHMBE C KOMIOHEeHTAaMM

Asmomamunueckan JeHep auiia MeKcmyp 6cex paimepoé «GHIL3Y, HAUUHAA C YRAZAHH 020 pa3vepd
gluBuild2DMipmaps (GL _TEXTURE 2D,

3, KONMMUeCTBO KOMIOHeHT Ha Touky (1, 2, 3, 4)

w, h, MMpMHa M BEICOTa — Jobbe

GL_BGR_EXT, TpaKTOBKa KOMIIOHEeHT TOUKMK {GL LUMINANCE, GL_BGR_EXT, GL_BGRA EXT)
GL UNSIGNED BYTE, TWO Kaxnor koMnoHeHTH (GL _UNSIGNED BYTE, GL E‘LOAT)

ptr) YKasaTenbk Ha MAcCHMB C KOMIIOHEHTaMM

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit : =
CLUB omnNe30  OU3NKO-MATEMATUYECKUM NULIEA Ne 30 lpadpmka peansHoro BpemeHn. OpenGL
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TeKkcTypmpoBaHue

4578
OGL

O

Vnpaenenne Quavmparten:
glTexParameteri (GL TEXTURE 2D,
‘ GL _TEXTURE MIN FILTER, GL NEAREST);

GL_LINEAR
GL_NEAREST MIPMAP NEAREST
GL_LINEAR MIPMAP NEAREST
GL_NEAREST MIPMAP LINEAR
GL_LINEAR MIPMAP LINEAR

glTexParameteri (GL_TEXTURE 2D,
GL_TEXTURE MAG FILTER, “GL NEAREST)
GL_LINEAR

IHapavempuot HALOHCeHUA (LOSNLOP MEKCINY P 10 HANPAGTCHIAM) .
glTexParameteri (GL_TEXTURE 2D,

GL TEXTURE WRAP S, GL REPEAT) ;

GL TEXTURE WRAP T GL CLAMP

IHapaviempuol 6b1p A6HHEAHNIA - HA KAKOE IO QONHCHA QTN CA HAET0 OTHHA 00HOIL CHIPOKIL 6 OAIMaAX:

OJ1A YCIAHOGKIL 300D AHCEeHUA 6 ITNeRcinypy (i3 npozpavmst ¢ OpenGL)
| glPixelStorei (GL _UNPACK ALIGNMENT, umucio(l,2,4,...));

OLA W eHiA 1300p axceria (om OpenGL ¢ npopanmy)
| glPixelStorei (GL_PACK ALIGNMENT, umncno(l,2,4,...));

COMPUTER Computer Graphics Support Group

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
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(f)ﬁﬁ'[-rEBKCTTy1)VH3CHBEiFHAEB OGL

(pj’HKlllllljlflﬁflillbl C HOoGoIMU d)()p«-'ifflﬂl(lﬂlll.'

glTexStorage2D (GL_TEXTURE 2D,
MipLevels, - KoJM4ecTBO YypoerHel MipMap
GL_RGB32F, - ¢opmar RGB float (GL RGBA32UI, GL R32F, ...)
W, H); - pasMmep TekCcTypbl (w, h)
glTexSubImage2D (GL TEXTURE 2D,
o, - yporeHbs MipMap
0, O, - cMelleHre M20bpaxeHusd B TekcType (dx, dvy)
W, H, - pasMep BCTaBJASMOTC M2obpaxXeHMda B TekcTypy (w, h)
GL RGB, - ¢opmar RGB — Tpu KOMIOHESHTEL
GL_FLOAT, - TUI KOMIIOHEHTEI
ptr) ; - CcaM MaccHB

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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(5 - TekcTypupoBaHue oGL

Beibopka yBema u3 mekcmypel ocyuecmBnaemca camnnepamu (samplers)

glActiveTexture(GL_TEXTURE® + SamplerNo); -- akTuBauuma camnaepa
glBindTexture(GL_TEXTURE_2D, TexId); - - NOAK/YEHNE B HEro TeKCTypsl

Ha weiidepe (¢ppazmeHmHOM) :

// mexkcmypHsie KoopduHamsl om BepuuHHO20 wetidepa
in vec2 DrawTexCoord;

// YKG3aHUA KAakoU camnaep Kak HasviBaemcs
layout(binding = ©) uniform sampler2D TextureKd;
layout(binding = 1) uniform sampler2D TextureMask;

void main( void )

{

// nonyuyeHue uBema
vecd tex_color = texture(TextureKd, DrawTexCoord);

¥ texture ? texelFetch

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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(5 reOMeTpI/ILIeCKI/II/I leunaep OGL

Vertex data ->
Vertex shader ->

Geometry shader ->
Rasterizer (assembling primitives, rasterization) ->
Fragment shader ->
Raster operation (stencil, alpha, scissor, depth, blending) ->
Framebuffer

Vertex shader -> "gl Position" -> Geometry shader -> {"gl Position"}+primitive type ->...

5 COMPUTER Computer Graphics Support Group g ManuHckun B.A.
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() TeomeTpuueckuii Lieiaep =

4978

O

Ha 6xo00 - npumumubBebi:
points (GL_POINTS)
lines (GL LINES, GL_LINE STRIP, GL_LINES LOOP)
lines_adjancency (GL_LINES ADJANCENCY, GL_LINE STRIP ADJANCENCY)

°‘---/“--o

triangles (GL_TRIANGLES, GL_TRIANGLE STRIP, GL_TRIANGLE FAN)
triangles_adjancency (GL_ TRIANGLES ADJANCENCY, GL_TRIANGLE STRIP ADJANCENCY)

Ha 6bixod - npumumubel:
points
line_strip
triangle strip

COMPUTER Computer Graphics Support Group ManuHckun B.A.
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(5 reOMeTqueCKMM LIJeI/I,EI,ep OGL

Cmpykmypa onucaHua 1-u BepuiuHbl (6 enobaseHom maccuBe gl in):
in gl PerVertex

{

vec4 gl Position; -- ¢ 6BepuwuHHozo0 (meccennayuoHHo20) wetdepa

} gl in[];

Ha Bbixolde: out vecd4 gl Position;

nopoxdeHue 6epuiuHsi: EmitVertex();
OKOH4YaHue npumumuBa: EndPrimitive();

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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Q& [eomMeTpuYeckun Wenaep: NpUMep - YacTulbl oot

[eomeTpuyeckun wengep

#version 430 p += vec3(0, s / 2, 0);
5 osition = Matr p+r -S + U S, 5
( ) gl_Positi Matrivp * ( * * 1
( R = 40) 5 FDrawTexCoord = (6, 1);
MatrWvpP; 0);
Time; gl Position = MatrWVP * (p+r* -s+u*-s, 1);
CamRight; FDrawTexCoord = (0, 9);
CamUp; 0);
FDrawTexCoord; gé_Poiltéon ; Mater?l* 0 (p+r*s+u*s, 1);
rawTexCoord = ;
main( ) 0O e
3
{ gl Position = MatrWVvpP * (p+r*s+u*-s, 1);
nh = 10;
- FDrawTexCoord = (1, 9);
t = Time; O;
s = 3.24; Z)'
p = gl _in[@].gl_Position.xyz; ) ’
( i=0;1c< n; i++) }
{

angle = Time * i;

si = sin(angle), co = cos(angle);
CamRight * co + CamUp * sij;
CamRight * -si + CamUp * co;

r
u

SCIENCE CGSG cankr-Nerepbyprekuii ry6epHaTopckui
CLUB ©MIN Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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(5 ' ['eomeTpunyeckmuun wengep: npumMmep - Yactuubl OGL
BepwuHHbIV Wenaep dparmMeHTHbIN Wenaep
#version 430 #version 430
( = 0) InPosition; ( = 9) OutColor;
main( ) Time;
{ IsWireframe;
gl Position = (InPosition, 1); ( = @) Textured;
} FDrawTexCoord;
main( )
{
c = (Texture®, FDrawTexCoord);
(IsWireframe)
Cc = (1, 1, 9.5, 1);
OutColor = c;
}

5 COMPUTER Computer Graphics Support Group e FanuHckui B.A.
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(5 TeccennaunoHHbIV LLenaep oGL
Vertex shader —| Hull shader Tessellator Domain shader Geometry shader
— 1 (control shader) (evaluation shader)
I S
® e =0, | 1
. S e 2
e, o
g ]

Input: * (GL_PATCHES)

Output: layout(isolines) out;
layout(triangles) out;
layout(quads) out;

Vertex data ->
Vertex shader ->
Tessellation control shader ->
Tessellation evaluation shader -»>

Geometry shader ->
Rasterizer (assembling primitives, rasterization) ->

Fragment shader ->
Raster operation (stencil, alpha, scissor, depth, blending) ->

Framebuffer
Computer Graphics Support Group ; " FanuHcknn B.A.
; " padmka peanbHoro BpemeHu. OpenGL
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() TeccennauuMoHHBIN Weiaep oL

Tun npumumu6a OpenGL:
GL_PATCHES

Yka3sel6aem konudecmbo 6epwuH 6 Habope:
glPatchParameteri(GL_PATCH_VERTICES, N);

[lpu 6Bei6oOe :
glDrawElements (GL_PATCHES, NumberOfIndices, GL_UNSIGNED INT, NULL);

unu
glDrawArrays(GL_PATCHES, ©, NumberOfVertices);

5 COMPUTER Computer Graphics Support Group @ ManuHckun B.A.
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()" TeccennsiuMOHHbIi Weiaep: NpUMeP - Kousas besbe o

Vertex shader (*.VERT):
#version 430

layout(location = @) in vec3 InPosition;

void main( void )

{
}

gl_Position = vec4(InPosition, 1);

5 COMPUTER Computer Graphics Support Group : @ ManuHckun B.A.
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(5 TeccennaunoHHbIN LWengep: npumep - Kpusasg besbe oo

Tessellation control shader (*.CTRL):

#version 430
( = 4) ;
void main( void )
{
gl out[gl InvocationID].gl Position = gl in[gl InvocationID].gl Position;
gl TessLevelOuter[0] = 1;
gl TessLevelOuter[l] = 47;
}

COMPUTER Computer Graphics Support Group

e FanuHckun B.A
SCIENCE CGSG cankr-Nerepbyprekuii ry6epHaTopckui 2 @ F
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(5 TeccenngaunoHHbIN LWengep: npumep - Kpusasg besbe oL

Tesselation evaluation shader:

#version 430
( ) in;
Matrwvp;
Bezier( PO, P1, P2, P3, t)
{
PO * (1 - t) * (1 -1t) * (1 -t) +
PL*¥3 % (1-1t)* (L-1t)*t+ |77 -7 77 =7 =7 =7 == == ms oo mm oo mm oo mm oo mmmsmmmsmmmm e
P2 * 3 * (1 -1t) *t*t+ main( )
P3 * t * t * t; {
}

gl _Position = MatrWvp *
(Bezier(gl _in[1].gl_Position.xyz,
gl in[1].gl_Position.xyz +
(gl_in[2].gl_Position.xyz - gl _in[®].gl_Position.xyz) / 6,
gl _in[2].gl_Position.xyz +
(gl_in[1].gl_Position.xyz - gl _in[3].gl_Position.xyz) / 6,
gl _in[2].gl_Position.xyz,
gl TessCoord.x), 1);

SCIENCE CGSG  cankr-Nerepbyprekuit ry6epHaTopckui
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(5 TeccennaunoHHbIN LWengep: npumep - Kpusasg besbe oo

Fragment shader:

#version 430
( = 0) OutColor;
main( )
{
OutColor = (1, 90, 1, 1);
}

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB omaNe3e  OU3NKO-MATEMATUYECKUM NIULIEM Ne 30
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() TeccennsiuMOHHbIN Wenaep: NPUMEDP - MOBEPXHOCTb ool

5978

Tessellation control shader (*.CTRL):

{

O

#tversion 430

uniform int Addon®;
uniform int Addonil;
uniform int Addon2;
void main( void )

gl out[gl InvocationID].gl Position = gl in[gl InvocationID].gl Position;

gl TesslLevelOuter[©]
gl TessLevelOuter[1]
gl _TessLevelOuter[2]
gl TessLevelOuter[3]

gl _TesslLevelInner[0]
gl TesslLevelInner[1l]

COMPUTER
SCIENCE CGSG
CLUB ©MI Ne 30

layout(vertices = 16) out;

= Addon@;
= Addon®@;
= Addon@;
= Addon®@;

= Addonl;
= Addon2;

Computer Graphics Support Group
CaHkT-lNeTepbyprckuin rybepHaTopckun
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() TeccennsiuMOHHbIN Wenaep: NPUMED - MOBEPXHOCTb ool

6078

O
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Tesselation evaluation shader: Tessellation control shader (*.CTRL):
#version 430

layout(quads) in;
uniform mat4 MatrWVP;

void main( void )
{
float u = gl TessCoord.x, v = gl TessCoord.y;

vec3 p =
TOYKa Ha MNMOBEPXHOCTWU
onopHole To4vkn (4x4) - gl in[i * 4 + j].gl Position.xyz
napameTpbl - U, V

gl Position = MatrWVP * vec4(p, 1);

Computer Graphics Support Group @ FanuHcknn B.A.

CGSG CaHkT-lNeTepOyprckui rybepHaTopckum
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(5 FBO — Frame Buffer Object oo

Frame Buffer Object (FBO) - Render Target

cospaTtb Aeckpuntop FBO

co34aTbh TeKCcTypy ANns FBO (MM HeCKONbKO TeKCTyp) WM 3akpenuTb 3a FBO

5 COMPUTER Computer Graphics Support Group @ ManuHckun B.A.

cos3pgaTtb bydep rnybuHbl M 3akpenuTb 3a FBO
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() FBO - Frame Buffer Object oo

/* FBO depended data */

unsigned
VG4 _RndFBO, /* Frame buffer object descriptor */
VG4 _RndRenderTex, /* Render target texture */
VG4_RndDepthBuf; /* Render target buffer */

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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(5 FBO — Frame Buffer Object oor

RndTargetsInit:
/* Fragment shader texture attachment list */
UINT DrawBuffers[] = {GL_COLOR_ATTACHMENT@};

/* Create and bind FBO */
glGenFramebuffers(1l, &VG4_RndFBO);
glBindFramebuffer (GL_FRAMEBUFFER, VG4 _RndFBO);

/* Create and bind render texture */

glGenTextures(1l, &/G4_RndRenderTex);

glActiveTexture(GL_TEXTURE®);

glBindTexture(GL_TEXTURE_2D, VG4_RndRenderTex);
glTexStorage2D(GL_TEXTURE_2D, 1, GL_RGBA8, VG4 RndFrameW, VG4 RndFrameH);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);

/* Link render texture to FBO */
glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENT@, GL_TEXTURE_2D, VG4 RndRenderTex, ©);

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30

5 COMPUTER Computer Graphics Support Group @ ManuHckun B.A.

Npacdhuka peanbHoro BpemeHun. OpenGL



() FBO - Frame Buffer Object oo

/* Create and bind depth buffer */

glGenRenderbuffers(1l, &G4 _RndDepthBuf);

glBindRenderbuffer(GL_RENDERBUFFER, VG4_RndDepthBuf);
glRenderbufferStorage(GL_RENDERBUFFER, GL_DEPTH_COMPONENT, VG4_RndFrameW, VG4_RndFrameH);

/* Link depth buffer to FBO */
glFramebufferRenderbuffer(GL_FRAMEBUFFER, GL_DEPTH_ATTACHMENT, GL_RENDERBUFFER, VG4_RndDepthBuf);

/* Set fragment shader texture attachment list:
* array contents layout slot redirection for every output value */
glDrawBuffers(1l, DrawBuffers);

if (glCheckFramebufferStatus(GL_FRAMEBUFFER) != GL_FRAMEBUFFER_COMPLETE)
return;

/* Go back to default render buffer */
glBindFramebuffer (GL_FRAMEBUFFER, 9);

5 COMPUTER Computer Graphics Support Group ManuHckun B.A.
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O

" FBO — Frame Buffer Obiject oot

RndTargetsClose:

0O

/* Delete FBO primitive */

VG4 _RndPrimFree(&VG4_RndFBOFramePrim);

/* Bind FBO */

glBindFramebuffer (GL_FRAMEBUFFER, VG4 _RndFBO);

/* Unlink render texture from FBO */

glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENT®@, GL_TEXTURE_2D, @, ©);
/* Delete render texture */

glDeleteTextures(1, &G4 RndRenderTex);

/* Unlink depth buffer from FBO */

glFramebufferRenderbuffer(GL_FRAMEBUFFER, GL _DEPTH_ATTACHMENT, GL_RENDERBUFFER, ©);
/* Delete depth buffer */

glDeleteRenderbuffers(1l, &G4 _RndDepthBuf);

/* Unlink FBO */

glBindFramebuffer (GL_FRAMEBUFFER, 9);

/* Delete FBO */

glDeleteFramebuffers(1l, &VG4_RndFBO);
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(5 FBO — Frame Buffer Object oor

RndTargetsStart: // Boi3biBaem u3 RndStart()
/* Bind FBO */
glBindFramebuffer(GL_FRAMEBUFFER, VG4 RndFBO);

/* Set viewport */

glViewport(@, @, VG4 _RndFrameW, VG4 RndFrameH);
glClearColor(e.3, 0.5, 0.7, 1);
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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(5‘ ' FBO — Frame Buffer Object 0GL
RndTargetsEnd: // Bbi3biBaem u3 RndEnd()
/* Set default FBO */

glBindFramebuffer (GL_FRAMEBUFFER, ©);
glViewport(@, @, VG4_RndFrameW, VG4 _RndFrameH);

/* Draw post frame primitive (full screen rectangle) to screen */
glUseProgram(wengep obpaboTku FBO);

/* Send render target */
glActiveTexture(GL_TEXTURE3); // B npumepe ucnonbsyeTtca 3
glBindTexture(GL_TEXTURE_2D, VG4 _RndRenderTex);

/* Draw frame */
glPushAttrib(GL_ALL_ATTRIB BITS); // 3anomMmHaem cocTosHWe aTpubyToB
glDisable(GL_DEPTH_TEST);
glDisable(GL_BLEND);
glDisable(GL_CULL_FACE);
BbIBOAMM MOMHOSKpaHHbIA NpumuTue FBO ...
glPopAttrib(); // BoccTaHaBAMBaeM COCTOAHUE aTpubyToB
glUseProgram(Q);
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3D GAME
PROGRAMMING

wiITH DIRECTX® 11

Frank Luna, «Introduction to 3D Game Programming with DirectX 11»,
Mercury Learning & Information, 2012.

INTRODUCTION TO
3D GAME
PROGRAMMING
wiITH DIRECTX® 12

Frank Luna, «Introduction to 3D Game Programming with DirectX 12»,
Mercury Learning & Information, 2016.

“YWakan. —

Pykosogcteo
paspaborunka

[paxem Cennepc, «Vulkan. Pykoeodcmeo pa3pabomyukay,
OMK Tpecc, 2017.
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John Kessenich, Graham Sellers, Dave Shreiner,

«OpenGL Programming Guide: The Official Guide to Learning
OpenGL, Version 4.5 with SPIR-V (9th Edition)»,
Addison-Wesley Professional, 2016.

OpenCGL 4

Shading David Wolff, «OpenGL 4 Shading Language Cookbook: Build high-

qguality, real-time 3D graphics with OpenGL 4.6, GLSL 4.6 and C++17,
3rd Editionw,

Packt Publishing, 2018.

Oosug Bonbd, «OpenGL 4. A3bik weltdepos. KHuza peuenmoesy,
OMK [Mpecc, 2015.
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REAL-TIME
RENDERING

Tomas Akenine-Modller, Eric Haines, Naty Hoffman,
«Real-Time Rendering, Fourth Editiony,
A K Peters/CRC Press, 2018.

Eric Lengyel,

«Mathematics for 3D Game Programming and Computer
Graphics, Third Edition 3rd Edition,

Cengage Learning PTR, 2011

Elmar Eisemann, Michael Schwarz, Ulf Assarsson, Michael Wimmetr,
«Real-Time Shadowsw,
A K Peters/CRC Press, 2011.
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Wolfgang Engel (Editor), «GPU Pro: Advanced Rendering Techniquesy,

A K Peters/CRC Press, 2010.
«GPU Pro2», 2011; «GPU Pro3», 2012; «GPU Pro4», 2013; «GPU Pro5», 2014; «GPU Pro6», 2015; «GPU Pro7», 2016.

Wolfgang Engel, «GPU Zen: Advanced Rendering Techniquesw,
Bowker Identifier Services, 2017
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