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Advanced Data

- Buffere2 CtIE= & 4 &
CH 2k O] E1|O|E1§ il X AN =2

« OpenGL2| buffer

— OpenGL2 E7 HE2|E £ buffer target0]| HIQIYBC 2N 9|0
(O04l: GL_ARRAY_BUFFERO]| HtQIEISIH O] buffer vertex array buffer7f 5'

— OpenGLZ WEH2Z targetd CH3l buffers X &5t Of buffere= [EfE X2

- glBufferData() &=
— Buffer Z{A|0f 2[3f 22|%|= B 22 T of7|0] Ho|EE A

= SICFA
= gl
— O] &t==2| data ILIZ}O|EHO| NULL Zf2 & Eﬂ, O] 2t+&= O 22 %I-E)Hjl_l- i1 HO|HE M{EX| A=
(off-screen renderingA| 2| gITextureZD() 6.:. AMEEHI )
3) LIS

- & A2 EY M 22| E reserve(0 of bufferg& M2 & I 7 &

Advanced OpenGL (3)




Advanced Data

. gIBufferSubData() b=
— ™A bufferg AMNE= 4 CHAl puffer?| E 220 ALK & [ AR
— LIt2}0|E: buffer target, offset, HIO|E{2| 37|, &X| GH|O|H
— Offset2 bufferE LI EH MZX[E X[HE > HEEL EF F&
— glBufferSubData() &4 @& ™ glBufferData() &+5 & &0, 5&

glBufferSubData(GL_ARRAY_BUFFER, 24, sizeof(data), &data);

 PointerOf| A bufferl| M| 22| = 051‘ 1.0f, -0.351
HIOIEE O 7|0f 27 SASH= [ ]
— glMapBuffer() &+ 2 A B Q! b
bufferol D2 2|2 7a|7|= = gIBindBuf fer (GL_ARRAY_BUFFER, buffer);
_ Spo 0| 20
glunmapBuffer() &= O ZAEH S F void *ptr = glMapBuffer (GL_ARRAY_BUFFER, GL_ WRITE ONLY);
- YAIHEZ] 20| 2™ H|O|HZ

bufferOf BHEA| F& memcpy(ptr, data, sizeof(data)):

glUnmapBuffer (GL_ARRAY_BUFFER) ;

Advanced OpenGL (3)




VAO 1 VBO 1

° l l ° attribute pointer 0 pos[0] pos[1] pos2] pos[3] .
Batc h I n Ve rteX A rl butes attribute pointer 1
attribute pointer 2
attribute.;ointer 15 VBO 2
pos[0] col[0] pos[l] colll] .

element buffer object

« 7|ZE glVertexAttribPointer() 22| interleaving &
— Vertex buffer object (VBO)E 8 St= £49] layout= K| Vg2

(@) attribute pointer 0 —

54893 H 5
— A’l O | O:| Ve rtEX O | —|—| Il norma I’ E—-II ﬁ K‘I |'j:t 6 attrlbute.fomter 2 dex data
EBO 2

|ndex data

attribute pointer 15

- 7+7+0| =42 mterleave | (123123123123) N
> Ol 2ot A2 &2 AoS (Array of Structures)2t1 &

e Structure of Arrays (SoA) = X & El model It 2 2| Z2? -
- _C|>_| interleaVing I:CIDI- I:I;I-I g |-_9_0H:|- L 7|—I‘| OH:"E’ : Vv -0.500000 -@.500000 ©.500000
7" ﬁ Ao-l EE E‘” Ol E-I g g_! % Ol_l E %’ : Vv ©.580000 -0.500000 0.500000

0|5 ChAl Aos HEN= BT O[0F 3 > B =8 BEE

l5]

11 Vv -8.5000800 ©.5000080 -0.500000

X1 Yi Z, 12 v 8.500000 0.5 -8.5
S_X X X X3 X4 13 v -0.500000 -0.500080 -6.500000
X, Y2 L 14 v 8.5 @ -9.5 @ -8.5 ]
S_Y BRJ Y2 Y3 Ya 15
X3 Y3 23 16 vt 0.000800 ©.000000
S Z3 22 i3 23 17 vt 1.000000 ©.000000
X4 Ya 71 18 vt ©.000000 1.080000
19 vt 1.000€00 1.080000
Array of Structures Structure of Arrays 2
(AOS) (SOA) 21 vn 0.000860 ©.000000 1.600000

22 VN 9.000000 1.000000 0.000000
23 VN 9.000000 0.000000 -1.000000

Machine Learning Frameworks Interoperability, Part 1: 24 un ©.800000 -1.600060 0.00000
. 25 vn 1.000000 0.000000 0.000000
Memory Layouts and Memory Pools | NVIDIA Technical Blog 26 vn -1.808000 0.060000 0.000605
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https://developer.nvidia.com/blog/machine-learning-frameworks-interoperability-part-1-memory-layouts-and-memory-pools/

Batching Vertex Attributes

o LCHQt— Attribute type™ StLEC| 2 chunkE AtE
— 123123123123 > 111122223333
Bl A K| ZHEO| Hi QS 22 -2 glBufferSubData()E S3fl batching (Y& X 2|) 7t

float positionsl[]

float normals[] { .

float tex[] =1{ ... };

glBufferSubData(GL_ARBAY BUFFER, 0, sizeof(positions), &positions);
glBufferSubData(GL_ARRAY BUFFER, sizeof(positions), sizeof(normals), &normals);
glBufferSubData(GL_ARRAY BUFFER, sizeof(positions) + sizeof(normals), sizeof(tex), &tex):

— 0| F glVertexAttribPointer() 2= A| 0|21t soA @Al 2 HHH. Stride= vertex attribute2| 37|
glVertexAttribPointer (0, '3 GL_FLOAT, GL_FALSE, 3 * sizeof(float), 0);
glVertexAttribPointer(1, 3, GL_FLOAT, GL_FALSE, 3 = sizeof(float), (void*)(sizeof(positions)));
glVertexAttribPointer(

2, 2, GL_FLOAT, GL_FA

LSE, 2 = sizeof(float), (void*)(sizeof(positions) + sizeof(normals)));

- YE: HOIHe 29 A|ZI0| E20{E = U=
— CHE.vsOAM 9101 =0| = H|O|E 7F | 2 2| M0 aligned &|X| %42 += US> H 22| ANATH|I 22X

Advanced OpenGL (3)




Copying Buffers

° gICopyBufferSubData() e
o bufferOi| A| CHE bufferZ H|O|EHE SAF = UA 8l &

void glCopyBufferSubData(GLenum readtarget, GlLenum writetarget, GLintptr readoffset,

GLintptr writeoffset, GLsizeiptr size):
readtarget, writetarget - 25 <} CE’-I_T'_ = buffer target= X|’3. S A HF QI & =l H 1 7}
(Ofl: VERTEX_ARRAY_BUFFERO{| A 2 0{ A{ VERTEX_ELEMENT_ARRAY BUFFERZ = A})
— readoffset, writeoffset- 2§ H{ I 9| offset (A| & X| )

— GL_COPY_READ BUFFER H/EE= GL_COPY_WRITE_BUFFERO]| VBOE HIQIE St & A2t HIHE Tt

glBindBuffer (GL_COPY_READ_BUFFER, vbol);
glBindBuffer (GL_COPY_WRITE_BUFFER, vbo2);
glCopyBuf ferSubData(GL_COPY_READ_BUFFER, GL_COPY_WRITE_BUFFER, 0, 0, 8 * sizeof(float));

float vertexDatall ={ ... };

glBindBuffer (GL_ARRAY BUFFEH vbol);

gIBindBuffEI(GL_CUPY_WHITE_BUFFEH, vbo?) ;

glCopyBuf ferSubData(GL_ARRAY_ BUFFER, GL_COPY _WRITE_BUFFER, 0, 0, 8 = sizeof(float));:

Advanced OpenGL (3)
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GLSL's Built-in Variables

« FI7tHQI o|0|F 7HX|& gl_ ®SFAprefix)?t 20 U}+= OpenGL L B
— gl_Position : VSo| &3 HIE (HMEHIA| H)
— gl_FragCoord : FSo| =& HIY (HHI A ré'-ﬁ“—)

- 1 2o ChE 022 WE g=8 BHarss OE o8

o

- 2= GLSLe| LiE BH=52 Oteff #|7[0AM &=
— Built-in Variable (GLSL) - OpenGL Wiki (khronos.org)

Advanced OpenGL (3)



https://www.khronos.org/opengl/wiki/Built-in_Variable_(GLSL)

Vertex Shader Variables

» gl_PointSize
— Primitive2 GL_POINTSE MEMS [, vertexOICt point(d)2| HH|[QI =0|F HA HRE HE Ths
— VSO Al ™ol A7|E HHY| {8 M+E glEnable(GL_PROGRAM_POINT_SIZE); € HX =&ls| Fof ot

- He| O T vertex8d == H2| A7|E O IA H¥ = oA
— Ho| A7|ZF viewer2} vertex AFO[2] HE|Ql clip-space ¥IX|2| zgtit &5 L5HA 278

void main()

{

gl _Position = projection * view * model * vec4(aPos, 1.0);
gl _PointSize = gl _Position.z;

Advanced OpenGL (3)




Vertex Shader Variables

« gl_VertexID
Qled H=0l

- 21| g2 = &4 H=Ql gl_Position, gl_PointSize2t &2[, gl_VertexID= ¥

— X d2[1 U= vertex8| IDE 7t
<, 12|12 JUe vertex2| XY indexS 7+

— glDrawElements()E A5t indexed rendering= &
x|

Ol A Q10| gDrawArrays() & AHE & B 20| = render call2| A%} O|Z 2 AKX M| &l vertex2| i -5 7

Advanced OpenGL (3)



Fragment Shader Variables

» gl_FragCoord
— Depth testing0l|A| fragment2| #0| €t 27| 23l gl_FragCoord.z& AtE

=

— O] HEQ| x, y 82 (fragment?| screen-space XH)E ALESI SOIE2R 21}

i
If

1
£0

= Z2 W= Aldtors oA
0

|N\O
— o

void main()
J
L

i f(gl_FragCoord.x < 400)

FragColor = vec4(1.0, 0.0, 0.0, 1.0);

FragColor = vec4(0.0, 1.0, 0.0, 1.0);

Advanced OpenGL (3)
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https://www.youtube.com/watch?v=DtcpMq_MiIo

Fragment Shader Variables

 gl_FrontFacing
— Face culling® ALESHXA| $=CHH, gl_FrontFacing H £ Xl fragment2| H(face)2 L2 &
— MM (front face)O|™ true, & ™M (back face)O|™ false
2t 3A| F2|0])

— T H(front face)2t = M(back face)d| 22 CrE HIAME 9|= 0N (face culling &

#version 330 core

out vecd FragColor;

in veceg TexGCoords;

uniform sampler20 frontTexture:
uniform sampler2D backTexture;

void main()
I
L
i f(gl_FrontFacing)
FragColor = texture(frontTexture, TexCoords):
else

FragColor = texture(backTexture, TexCoords):

Advanced OpenGL (3)




Fragment Shader Variables

. gI_FragDepth
— Read-only?! gl_ FragCoIorQF =2|, fragment?| screen-space XtE2| depthét=2 &E =8 75
— Depthatl #®l= 0.00(A 1.0 AIO|2 278 (A& Z=7|4f2 gl_FragCoord.z)

HA —

[OF

i

+ Z depth S LYY BRO| TIF

— Early depth testing= ZA[(OpenGL 4.2) StX| AULHH O] 7| S0| XAts2 2 H|ZMd3}
— 1 O|f+ fragment shader 7} M E[7] MO O] fragmentZt O{IH Tt depth at2 7tEX| & = Q7| I E

- 35 I{2EZ O|N&E = RUS

Advanced OpenGL (3)
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Fragment Shader Variables

- 45 I EE| X|23HE f8H depth conditiont 274l gl_FragDepth& M’32| 7t (OpenGL 4.2)
ayout (depth_<condition>) out float gl_FragDepth; Condition Description
— O] =710 2t depthéi= WAL= M2
- BEE2HOZ early depth testing ™& 7ts
— AR Of[A]

any The default value. Early depth testing is disabled.
greater  You can only make the depth value larger compared to gl _FragCoord.z.
less You can only make the depth value smaller compared to gl_FragCoord. z.
unchanged If you write to gl_FragDepth, you will write exactly gl _FragCoord.z.

4 FragColor:
(depth_greater) out float gl_FragDepth:

void main()

FragColor = vec4(1.0);
gl_FragDepth = gl_FragCoord.z + 0.1;

« M5 TAFO|Al (11.76 ms > 9.52 ms)

Advanced OpenGL (3)



https://mynameismjp.wordpress.com/2010/11/14/d3d11-features/

Interface Blocks

o ot shaderO| Al C}Z shaderZ H|O|EH{E E& I XXMM B2 F0 AFE
— Block name= M|O|EZF 27| HH3H{OF 2F (Of2ff O 0l A= VS_OUT)

— Instance name2 Atg&A ¥Y 7ts (OF2H WO A= vs_out & fs_in)
Ct Ho|Ye =z QIS =250| HME|X| A= F9

ir - | '_:l r| ._:'..:'. ._. COr e
3 aPos:
' alexCoords;

ut
ayout (location

fversion 330 core
vecd FragColor;

niform mat4 model ;

niform matd view;

ni form matd projection;
in VS_OUT
out VS_OUT 1
{ vec? TexCoords:
vec? TexCoords:; } fs_in;
} vs_out;
uniform sampler2D texture;
void main()
void main()
gl_Position = projection = view * model * ve {

vs_out .TexCoords = aTexCoords; FragColor = texture(texture, fs_in.TexCoords):

h
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Uniform Buffer Objects
©)
AS YRS 4

« 2 shader program0f| 28 AfEE|= MY uniform H2| &
fEU}E X|’8st=
ffer > glGenBuffers) ot
= bufferoﬂ -Io

— Z282EO| shaderOtE} uniform H=20| 452 L
— Uniform buffer object= CI= buffer=1f €2 bu
GL_UNIFORM_BUFFERO]| HI QI E 7ts, E= A2t uniform H|O|E{ &
2= 20| Lot £ 1#2A! > uniform block layout
= uniform blockO]| X &dt= O Al

* Uniform buffer object2| 4| 0| E{ 7} X

ZHEFSE s O A projection, view =

¢ 1!
in vec3 aPos;

t (Iocdtlon =0) in
niform Matrices

out (std140) ur

mat4 projection;

matd view,;

uniform mat4 model
void main()
- gl_Position = projection * view * model * vec4(aPos, 1.0);
Advanced OpenGL (3)




Uniform Block Layout

* Uniform b|OCk9| LH%% En_l'zn_\— buffer 7ﬁHx'”O“ X'l jél- ayout (std140) uniform ExampleBlock
— o3t 93O  HIO|E|E 71X YUEX|0f LSt HEVI oo Z, R .
M 2 2|2 OffH E20| O3 uniform HES0f| T S E|=X| ok
OpenGLOf| = HR7I US mat4 matrn
— OpenGL2 24t 49| A 7|= HA|SHA| Bt float values[3];
Bl Afo|o| 7S o ATSix| e, oo - boolcan:

O| & X|d5t= 2 O| uniform block layout2 2,
shared, std140, packed 7| =X}

* shared (7| =4))
— HWO| A offsetO| oF HH 7 O|&| ™ O layoutO| & 24 programOl| Al &7 (shared)
— GLsL= XA 3E @6 O] HeE2 =M= FXI2 A uniform HEE2 MAK[A|Z = /US
— A= Z} uniform H==0| O] offset0f| JY=A| Ao = & = Gla
- glGetUniformindices()2F 22 &= uniform block?| indexS M

oY s

Advanced OpenGL (3)



https://registry.khronos.org/OpenGL/extensions/ARB/ARB_uniform_buffer_object.txt

Uniform Block Layout

e std140

— EAIEQ A0 == O 22| layout
- =592 ZH H=0f TSt offset2 LOHE = AU S
— BHo| M0l A= (Of2H E O A N2 int,float,boollf &2 4HIO|EQ| 2t @ A £ o|0))

Type

Layout rule

Scalareqg. int or
bool

Vector

Array of scalars or
vectors

Matrices

Struct

Advanced OpenGL (3)

Each scalar has a base alignment of N.
Either ZN or 4N. This means that a vec3 has a base alignment of 4N.
Each element has a base alignment equal to that of a vecd.

Stored as a large array of column vectors, where each of those vectors has a base alignment of
vecd.

Equal to the computed size of its elements according to the previous rules, but padded to a
multiple of the size of a vecd.




Type Layout rule

Scalar e.g. int or

U niform Block Layout oo Each scalar has a base alignment of N.

e std140 (cont.)
- O A

e packed

Vector Either 2N or 4N. This means that a vec3 has a base alignment of 4N.

Array of scalars or

Each element has a base alignment equal to that of a vec4.
vectors

Stored as a large array of column vectors, where each of those vectors has a base alignment of
vecd.

Matrices

yut (std140) uniform ExampleBlock

Equal to the computed size of its elements according to the previous rules, but padded to a

Struct multiple of the size of a vec4.

oat value;
matd matrix;
float values[3];

bool boolean:
int integer:

I

=

— AUt 247} uniform H =2 uniform block0]| &F2t81 0| Z| X 2}
— ot layoutO| A2 CHE program?t Z2 4t0| SX|=EICte EX0| QIS

Advanced OpenGL (3)




Using Uniform Buffers

« Shader2| uniform block2| 211 Sl 22| layout X|H S OHXl Z, A M Z 0| E AIE3}H7| 9
— X Uniform blockO| &&= HIHE &&t

unsigned int uboExampleBlock:
glGenBuffers(1, &uboExampleBlock);

ot
4
N

e
i

glBindBuffer (GL_UNIFORM_BUFFER, uboExampleBlock);
glBufferData(GL_UNIFORM_BUFFER, 152, NULL, GL_STATIC_DRAW);
glBindBuffer (GL_UNIFORM_BUFFER, 0);

— 0| = uboExampleBlockE HtQI &St = glBufferSubdata() &5 AtEStH W22 E +=d 7t

Advanced OpenGL (3)




Using Uniform Buffers

« CIS2 2 shader?| uniform blockdt OpenGLO| A BF= uniform buffer2 bindingdll &
— Uniform blockZ} binding point2t2| &4

unsigned int lights_index = glGetUniformBlockIndex(shaderA.ID, : CC
glUniformBlockBinding(shaderA. 1D, |ights_index, 2); =

ayout (std140, binding = 2) uniform Lights { ... }: <« (OpenGL 4.2 O| & 0| A Bt 715)

_ . . . . o 74 Shader A Block indices
Uniform buffer@} binding point2t2| ¢ Z e meeeer 1| T form baffer objects
glBindBuf ferBase(GL_UNIFORM_BUFFER, 2, uboExampleBlock):

[0 |
KR
2]
EN—
| 4 |
5|

glBindBuf ferRange(GL_UNIFORM_BUFFER, 2, uboExampleBlock, O, ; dmilifzia s Dibslies II

Shader B
uniform Matrices { n
uboLights

uniform Data { n

Advanced OpenGL (3)




Using Uniform Buffers

o UM AT glBufferSubData() &2 Sl uniform buffer =8 7ts

glBindBuffer (GL_UNIFORM_BUFFER, uboExampleBlock);
int b = true;

glBufferSubData(GL_UNIFORM_BUFFER, 144, 4, &b):
gIBindBuffer (GL_UNIFORM_BUFFER, 0):

Advanced OpenGL (3)




A Simple Example

* Projection, view & &2 Matrices2td =2[+& uniform blockOf| X &35,
Zt7] CHE 470 MO|4Ooj|A O|F A *f ot= Of
vecd aPos;
yout (std140) uniform Matrices

matd4 projection;
matd view;

iform matd model;

void main()

gl_Position = projection * view * model *= vec4(aPos, 1.0):

int uniformBlocklndexRed = glGetUniformBlocklIndex(shaderRed. 1D,
int uniformBlocklndexGreen = glGetUniformBlockl|ndex(shaderGreen.|D,
int uniformBlocklndexBlue = glGetUniformBlocklndex(shaderBlue.ID,
int uniformBlockIndexYellow = glGetUniformBlocklIndex(shaderYellow.ID,

glUniformBlockBinding(shaderRed. ID, uniformBlock|ndexRed, 0);
glUniformBlockBinding(shaderGreen. D, uniformBlocklIndexGreen, 0):
glUniformBlockBinding(shaderBlue. ID, uniformBlockIndexBlue, 0);
glUniformBlockBinding(shaderYellow.ID, uniformBlockIndexYellow, 0);

Advanced OpenGL (3)




A Simple Example

* Projection, view @ E 2 Matrices2t =2[&= uni
Z17| CHE 470 M|O|E{ 0| A O| & &7 Ar&St= O
unsigned int uboMatrices;
glGenBuffers(1, &uboMatrices);

iform blockOf M2t
| (cont.)

glBindBuf fer (GL_UNIFORM_BUFFER, uboMatrices):
glBufferData(GL_UNIFORM_BUFFER, 2 * sizeof(glm::mat4), NULL, GL_STATIC_DRAW);
glBindBuffer (GL_UNIFORM_BUFFER, 0);

glBindBuf ferRange(GL_UNIFORM_BUFFER, 0, uboMatrices, 0, 2 = sizeof(glm::matd)):

glm: :mat4 projection = glm: :perspective(gim::radians(45.0f), (float)width/(float)height, 0.1f, 100.0f);
glBindBuf fer (GL_UNIFORM_BUFFER, uboMatrices):

glBufferSubData(GL_UNIFORM_BUFFER, 0, sizeof(glm::mat4), glm::value_ptr(projection));

glBindBuffer (GL_UNIFORM_BUFFER, 0);

glm::mat4 view = camera.GetViewMatrix():

glBindBuf fer (GL_UNIFORM_BUFFER, uboMatrices);

glBufferSubData(GL_UNIFORM_BUFFER, sizeof(gim::mat4), sizeof(glm::mat4), glm::value_ptr(view));
glBindBuffer (GL_UNIFORM_BUFFER, 0);

Advanced OpenGL (3)



A Simple Example

* Projection, view 8 2= Matricesttl =E|=

uniform block0l XH&st
217 CHE 471 MO O O] F Al AHESt= O (c

ont.)

glBindVer texArray(cubeVAOD);

shaderRed.use():

glm::mat4 model = glm::mat4(1.0f);

model = glm::translate(model, glm::vec3(-0.75f, 0.75f, 0.0f)):
shaderRed.setMat4( , model);

glDrawArrays(GL_TRIANGLES, 0, 386);

Uniform buffer object| &
— B2 yniforms2 SHHHO| A™SIE 2 £ T} 2
— 0§ shader0| 28 U= 5LBt uniform= &A4 =8 7t

— shader0i|A{ GL_MAX_VERTEX_UNIFORM_COMPONENTS OI 9l
OtF B2 uniformES AHE 75 (Of: 222 E ofL|ojo| A

Advanced OpenGL (3)
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Vertex/index buffer

Geometry Shader l

]
Input assembler L
* Geometry shader l —
- V59|' FS A|'O|O'” ZEXH-Ll'E A|__| El I—_lI Ol_l hader |-7:” Vertex shader 4
— U= S| primitive(™, A4 %)E O|F= vertex=2| 22 l :
- =4 gl =0 F vertexEEEf O B2 vertexs= 5= 0
2t S| CHE2A| HZ2HE primitive= e ‘d
« Geometry shader2| O A l :
— 7| & gl_position2| BIE{E Z=&Bt vertex 5+ 7} & line strip2L £ A5l =H Geometry shader -<V
Du£ (line_strip, max_vertices = 2) out; E—— H ..
void main() { l
gl_Position = gl_in[0].gl_Position + vec4(-0.1, 0.0, 0.0, 0.0); Fragment shader
EmitVertex():

l

gl_Position = gl_in[0].gl_Position + vec4( 0.1, 0.0, 0.0, 0.0); _
EmitVertex(); Color blending

EndPrimitive(); l

Framebuffer

Advanced OpenGL (3)



https://vulkan-tutorial.com/Drawing_a_triangle/Graphics_pipeline_basics/Introduction

Geometry Shader

« GS2| input layout qualifier NSRS
— points: when drawing GL_POINTS primitives (1).
— lines: when drawing GL_LINES or GL_LINE_STRIP (2).
— lines_adjacency: GL_LINES_ADJACENCY or GL_LINE_STRIP_ADJACENCY (4).
— triangles: GL_TRIANGLES, GL_TRIANGLE_STRIP or GL_TRIANGLE_FAN (3).
— triangles_adjacency : GL_TRIANGLES_ADJACENCY or GL_TRIANGLE_STRIP_ADJACENCY (6).

GL_POINTS GL_LINES GL_LINE_STRIP GL_LINE_LOOP GL_TRIANGLES GL_TRIANGLE_STRIP GL_TRIANGLE_FAN
5
1 2 1 2 2 1 2 3 & 6 1 3 5 6
™ ™ - @ le * «— o
! | il
|I |II |I
I| I| I|
| \ | 2 5 5]
. o3 —— o3 ey L — g7 1 : :
4 4 4 4 2,7 3
GL_TRIANGLES_ADJACENCY GL_TRIANGLE_STRIP_ADJACENCY
GL_LINES_ADJACENCY GL_LINE_STRIP_ADJACENCY
3
2 4
2 3 1 e
1 _—a L - .
L 3 - --.4 L

GLSL Tutorial - Primitive Assembly » Lighthouse3d.com

Advanced OpenGL (3)


https://www.lighthouse3d.com/tutorials/glsl-tutorial/primitive-assembly/

Geometry Shader

° ngl output Iayout qualifier ayout (line_strip, max_vertices = 2) out;
— Points, line_strip, triangle_strip
— Z3HE vertex?| X1 =& X|H Tt

in gl_Vertex
* GSO| A O] EHA| 9| 7] &2 :
gl_ |n[]O|E|-'— LH & H = vecd gl_Position;
g float gl_PointSize:
— Interface block ZEf float gl_ClipDistance[]

« p.282|GS ZEE 0| 85X 4712 & &= A1t
~ a7jo| Moz pstglof 12X
glDrawArrays(GL_POINTS, 0, 4): |[CPU

Advanced OpenGL (3)




Using Geometry Shaders

- 22 §= X0 E= oA version 330 core
— HX 47 =M M2 stHo| 12l ayout (location = 0) in vec2 aPos;

float points[] = { Tﬂiﬂ main()
-0.5f, 0.57, 1
0.5f, 0.5f, gl_Position = vecd(aPos.x, aPos.y, 0.0,
0.5f, —0.5f, }
-0.56f, -0.56f1

version 330 core
out vecd FragColor:
shader .use();
glBindVertexArray(VAO); void main()
glDrawArrays(GL_POINTS, 0, 4); {
FragColor = vec4(0.0, 1.0, 0.0, 1.0);

1
I
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Using Geometry Shaders

- Moo= H= XOE&= A (cont)
— GSE 0| 8310 & 174 E 5/ = W 7|
version 330

ut (points) in;
rout (triangle_strip, max_vertices

core

void build_house(vec4 position)

{
gl_Position = position + vecs
EmitVertex();
gl_Position = position
EmitVertex();
gl_Position = position VE( : :
EmitVertex(): 3
gl_Position position Vecs
EmitVertex():
gl_Position position
EmitVertex();
EndPrimitive();

1
i

void main() {
build_house(gl_in[0].gl_Position);

1
T 1
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Using Geometry Shaders

- Moo= H= XOE&= A (cont)
- GSE BEE 7IY B 2A38H0f 3

B LearnOpenil . O *
geometryShader = glCreateShader (GL_GEOMETRY_SHADER):
glShader Source(geometryShader, 1, &gShaderCode, NULL);
glCompileShader (geometryShader);

[...]
glAttachShader (program, geometryShader):
glLinkProgram(program);

- AlE (RLEZ 2 wireframe)
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Using Geometry Shaders

- o2 &= X|0E= Ol (cont.)
_ OpC M B

float points[] = {
5f, 0.5f, 1.0f, 0.0f, 0.0f, in VS_OUT {
Bf, 0.5f, 0.0f, 1.0f, 0.0f, vecd color:
5f, —0.5f, 0.0f, 0.0f, 1.0f, } gs_in[]:
5f, —-0.5f, 1.0f, 1.0f, 0.0f

fColor = gs_in[0].color;
gl_Position = position + vecs
EmitVertex():
rersion 330 core gl _Position = position + vecs
(location = 0) in vec? aPos; EmitVertex():
(location = 1) in vec3 aColor: gl_Position = position + vecs

EmitVertex():
0 T gl _Position = position + vec
A EmitVertex():
gl_Position = position + vecs
EmitVertex():
EndPrimitive();

vecd color;

void main()

I

L
gl_Position = vec4(aPos.x, aPos.y, 0.0, 1.0);
vs_out.color = aColor;
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Using Geometry Shaders

- Moz M= X012 = OA| (cont)

- SOCH Az HEge 21t
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Using Geometry Shaders

- Ho= H2 X EE= O (cont.)
— X| 29| vertexBt oA K™l £0| 2 A &2 &1t £ Lomopma —

fColor = gs_in[0].color;
gl_Position = position + vecs
EmitVertex():

gl_Position = position + vecs
EmitVertex():

gl_Position position + vec4
EmitVertex():

gl_Position position
EmitVertex():
gl_Position position
fColor = vec3(1.0, 1.0,
EmitVertex():
EndPrimitive():
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Exploding Objects
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Exploding Objects

« 4P BO| =H 2l normal HE AL
Ho| HO|| BASt= a, b HEE 2[XSIH 7ts

|O

_in[0].gl_Position) — vec3(gl_in[1].gl_Position);
_in[2].gl_Position) — vec3(gl_in[1].gl_Position);

|29£crn s(a, b)):
GS

, vec3 normal)

float magnitude = 2.0;
vecd direction = normal = ((sin(time) + 1.0) / 2.0) * magnitude;

return position + vecd(direction, 0.0); s
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a t (triangles) in;
ayout (triangle_strip, max_vertices = 3

Exploding Objects

o« 2 E main & (R

#iversion 330 core
|
|

=3C in VS_OUT {
= =) vec? teleDDrds;
} gs_in[];
« Uniform time tﬂ—f—% out vec?2 TexCoords:
OpenGLO'”A‘l I:|H EE‘” OEI Dl'l:-" AE_US_(I)_H?F‘-I Ol: 3.:.* uniform float time:

shader .setFloat( , glfwGetTime());JCPU vecd explode(vecd position, vec3 normal) {

vecd GetNormal() { ... }

b _)lk_ﬁ _'T—I_E void main() {
vecd normal GetNormal () ;

gl _Position = explode(gl_in[0].gl_Position, normal);
TexCoords = gs_in[0].texCoords;

EmitVertex():

gl_Position = explode(gl_in[1].gl_Position, normal);
TexCoords = gs_in[1].texCoords;

EmitVertex()
gl_Position = explode(gl_in[2].gl_Position, normal);
TexCoords = gs_in[2].texCoords;

EmitVertex():

EndPrimitive():;

as
¥
as
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Visualizing Normal Vectors

ey oy .. . shader .use();
* _I?I_XC-)I %!-?_l- normal vector= Ol_l O|_|- |Ight|ng 2‘%‘ [SM DrawScene(): CPU

Eg tHlEH-E; normalDisplayShader .use();

. O E
e 2-pass rendering= ol =H HIEE Drawscenal):
« NormalDisplayShader 7+ ¢4 #version 330 core

layout (triangles) in;

- VSO‘”A‘I L|:7||7:|—7||_<— _LEDE'l Hi!E-I% GSO‘”A‘I AJQE Dl_l'%(}l layout (line_strip, max_vertices = 6) out:

in VS_OUT {
vecd normal ;
#version 330 core } gs_in[]:
layout (location = 0) in vec3 aPos;
layout (location = 1) in vec3 aNormal: const float MAGNITUDE = 0.4:
uniform mat4 projection:
out VS OUT { S (AL
vecd normal; void GeneratelLine(int index)
} vs_out; {
gl_Position = projection = gl_in[index].gl_Position;
uniform mat4 view; ET';VEFE‘?"U; et T e ol
ce . gl_Position = projection = (gl_in[index].gl_Position
uniform mat4 model: veca(gs_in[index].normal, 0.0) * MAGNITUDE);
. ) EmitVertex();
void main() EndPrimitive();
{ }
gl_Position = view = model * vec4(aPos, 1.0); . _
mat3 normalMatrix = mat3(transpose(inverse(view = model))); void main()

vs_out .normal = normal ize(vec3(vecd(normalMatrix = aNormal, 0.0))); { Generatel ine(0):

GenerateLine(1);
GenerateLine(2);

Advanced OpenGL (3)




Visualizing Normal Vectors

e FSOIM = = Al normal HIE{ 2| fragmentE 18 - Z1f 2tH

#version 330 core BY LeamOpenGL = B

out vecd FragColor:

void main()
I
L

FragColor = vec4(1.0, 1.0, 0.0, 1.0):

1
J
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