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Instancing

« Instancing?| 224
—~ &Y%t vertex data set2 ZHX|X|2F A Z2 CHE world transformations 7HX|= =22 modelO| QUCHH?
o) TC|2 3=l scene
— Model2| =8tZ draw call(glDrawArrays, glDrawElements §)2 2 =5l Of
(™70 THC| > =H RO draw call)
for(unsigned int i = 0; i < amount_of_models_to_draw; i++)

F

[ot

DoSomePreparations();
glDrawArrays(GL_TRIANGLES, 0, amount_of_vertices);

— Draw calle| S7t= 85 @522 0|0 = US
(OpenGL2 vertex datag 12|7| ™0 K 2{7tX| F=H| A2 Sl0fF S,
O] A= Mo Z =2l CPUSGPU HAE S8l FMEL| 7| [}E)

- Instancing?| 2| ! O|H
— oF #HO| draw call2 02 72| objectE A2|=0 2Lt dataE GPUE ELi& HHH
— CPU overhead # OfL|Z} CPUOM GPUEL| S4lS FH 22 &= U=
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Instancing

* Instancing?| AR giH
— glDrawArrays() = glDrawArraysinstanced()
— glDrawElements() - glDrawElementsinstanced()
— FIHHOE instancel| 7H==7t It2t0[ B 0 =g
— Zf instance= vertex shaderOf|A| gl_InstancelD2t= built-in 22 +& (ID= 0FE A&

+ 100742] A2t instanceS 12/ O X e —

— 100719 offset vectora X&sSt=

uniform arrayS indexingdHod
ZF APl K[ F AL

] wd —ld o ) ol el i ] B X

- | d — - — ] -] — —
] | il - il — il ] — —
]l ol g e el el o
- a BN . e BN B B . ]
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Instancing

10070 2] AtZ A instanceS 12|= O A| (cont)

ut (location
yout (location

out vec3 fColor;

uniform vec? offsets[100];

FragColor = vecd(fColor, 1.0);
void main()

I
L

vec? offset = offsets[gl_InstancelD];
gl_Position = vec4(aPos + offset, 0.0, 1.
fColor = aColor;

Advanced OpenGL (4)




Instancing

10070 2] AtZ A instanceS 12|= O A| (cont)

float quadVertices|] glm::vec? translations[100];

int index = 0;

float offset = 0.1f;

for(int vy = —-10; y < 10; y += 2)

J

L

for(int x = —-10; x < 10; x += 2)

I
L

glm: :vec?Z translation;
translation.x = (float)x / 1
translation.y = (float)y / 1

0.0f + offset:

0.0f + offset:
translations|[index++] = translation;

shader .use();
for(unsigned int i ;i < 100; i+H)

T
L
shader .setVec?2( (

+ std::to_string(i) + )), translations[i]):
t

glBindVer texArray(quadVA0);

glDrawArraysinstanced(GL_TRIANGLES, 0, 6, 100):

Advanced OpenGL (4)




Instanced Arrays

« Offset=2 uniform YEHZ HEHSt= & O X0 A Tt HELEA B2 instanceE 1 2ICHH?
— GPUO| A ArE 7tsgt uniform datal| X0 22 == UAS (GL_MAX_UNIFORM_LOCATIONS)

* Instanced arrays& Ar&5tH O[2|¢t M= == 7t
— Uniform H== CHA, vertex shader?| €13 HENE arrayE ©H

— GPU= Z vertex shaderZt A|ZHE MHOFCH XY vertexOfl &3l U= vertex attributeE ZAAISH=U,
instanced arrays2| 4% 0|2t &2| 22 instanceZ J2{& U§OFC} updatek|+= vertex attribute 2 32|

. C]RYNE=AN-1 2=l #vcrsion 330 core
Instanced array2| AIE LE SRR
— gl_InstancelD Cf{ 0] ayout (location veca
aOffset% I—lez_ll A'-% ayout (location 2) in vec?Z2 aOffset:

vecd fColor;

void main()
T
L

gl_Position = vec4(aPos + aOffset, 0.0, 1.0)
fColor = aColor;

Advanced OpenGL (4)




Instanced Arrays

« Instanced array2| AFE & (cont)
— VBOO|| offset Hf E(Y O A 2| translations)2 XM &St attribute pointerE 0|0 A H7H

unsigned int instanceVBO;
glGenBuffers(1, &instanceVB0);

glBindBuf fer (GL_ARRAY_BUFFER, instanceVBO);
glBufferData(GL_ARRAY_BUFFER, sizeof(glm::vec2) = 100, &translations[0], GL_STATIC_DRAW);
glBindBuffer (GL_ARRBAY_BUFFER, 0);

glEnableVertexAttribArray(2); CPU
g|BindBuf fer (GL_ARBAY_BUFFER, instanceVBO0);

glVertexAttribPointer(2, 2, GL_FLOAT, GL_FALSE
glBindBuf fer (GL_ARRAY_BUFFER, 0);
glVertexAttribDivisor(2, 1);

 glVertexAttribDivisor(index, divisor)
— index: vertex attribute?| index (VS2| location)
— divisor 0 (Z|2%f): VS| Z iterationOFC} vertex attributel| L2 A

(@)
— divisor 1: 22 instanceE A|2t [f vertex attributel| LfES AM
— divisor n: n7l] instanceDtCt vertex attributel] LIES 44X (=n’l instancel €2 4= 3 9)

Advanced OpenGL (4)




Instanced Arrays

* Instanced array & Z1} « PATHOA ESHE EE Ar4gel 27|17t
— Instance®| T+JO| HHHX| AL =, downscaIeElEE 93
Uniform array AFEA|2F Ait= €& void main VS
{

vec? pos = aPos * (gl _InstancelD / 100.0);
gl _Position = vec4(pos + aOffset, 0.0, 1.0);
fColor = aColor;

A B B S S S N N = . |
B B B N N N N N =
- B BN B & S B BN O a
B B B N N N BN BN = W
B B B N S N N = = =
B B B B S N BN N B =t
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An Asteroid Field

- AW 2| =N EE SO (S ot
- ZAHE2 T modelZ2 EH 7S
— 2 A2 1.9 9| transformation matrixs 7

— Instanced rendering0| £35| F&7%t 0

Advanced OpenGL (4)




An Asteroid Field

o ZF AT E model transformation matrix & 7| 2}
- 2WE2 s BH 0| & HE{Z HYX| ain: mat4 smodeNGtrices:
. modelMatrices = new glm::mat4[amount];
- Translatlon)\l —TI—E-ljl' ngﬁ;ﬂ}” EolEE srand(gl fwGetTime()):
& ot offset E H 2| (displacement) 71 IR
_ IE_HE] SC3|€J_—I|' rotation _j|<_7|_ for (unsigned int i = 0; i < amount; i++)
_ 7_||. i-é—éggl _(|3_|I|’ 37|’ §|I|_-I 7_||.E E—I|:— glm::mat4 model = glm::mat4(1.0f);
= XI™H O X sH Al float angle = (float)i / (float)amount * 360.0f;
EE;iF} 1 _1'___j§; © H = f displacement = (rand() % (int)(2 * offset = 100)) / 100.0f — offset;

float x = sin(angle) * radius + displacement;

displacement = (rand() % (int)(2 = offset = 100)) / 100.0f - offset;
float y = displacement * 0.4f;

displacement = (rand() % (int)(2 = offset = 100)) / 100.0f - offset;
float z = ¢ angle) * radius + displacement:;

model = glm::translate(model, glm::vec3(x, y, z));

float scale = (rand() % 20) / 100.0f + 0.05;
model = glm::scale(model, glm::vec3(scale)):

float rotAngle = (rand() % 360);
model = glm::rotate(model, rotAngle, glm::v 0.4f, 0.6f, 0.8f));

modelMatrices[i] = model;

Advanced OpenGL (4)




An Asteroid Field

* Instance §10| ZtZto| A3 M= =l
- amountz{E =ElH =5 10| 85t FPS7F B H (Fraps T2 S 2X|5H0

ot
ro
N
olr

shader .use( )

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

model = glm::translate(model, glm::vec3(0.0f, -3.0f, 0.0f));
model = glm::scale(model, glm::vec3(4.0f, 4.0f, 4.0f));
shader .setMat4( . model );

planet .Draw(shader);

for(unsigned int i = 0; i < amount; i++)

{

shader .setMat4( . modelMatrices[i]);
rock .Draw(shader ) ;
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An Asteroid Field

« Instanced rendering &4 AtE
— 4x4 instancedMatrix& instanced array YEfE YU

#tversion 330 core
layout (location = 53
layout (location = in vec? aTexCoords;

layout (location = 3) in mat4 instanceMatrix;
out vec?2 TexCoords;

uni form mat4 projection;
uniform mat4d view.

void main()

{

gl Position = projection * view * instanceMatrix * vec4(aPos, 1.0);
TexCoords = alexCoords;

Advanced OpenGL (4)
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An Asteroid Field

« Instanced rendering 24| AtE (cont)

— modelMatrices& VBOE &4l GPUE HAF1, VAOO| M matrix data®| CH2F vertex attribute pointer &7
CPU

unsigned int buffer;

glGenBuffers(1, &buffer):

glBindBuf fer (GL_ARRAY_BUFFER, buffer);

glBufferData(GL_ARRAY_BUFFER, amount * sizeof(glm::mat4), &modelMatrices[0], GL_STATIC_DRAW);

for(unsigned int i = 0; i < rock.meshes.size(); i++)
{
unsigned int VAO = rock.meshes[i].VAO:
glBindVertexArray(VAOQ);

std::size_t vec4Size = sizeof(glm::vecd);

glEnableVertexAttribArray(3):

glVertexAttribPointer(3, 4, GL_FLOAT, GL_FALSE, vecdSize, (voidx)0);
glEnableVertexAttribArray(4);

glVertexAttribPointer(4, 4, GL_FLOAT, GL_FALSE, vecdSize, (voidx)(1 = vec4dSize));
glEnableVertexAttribArray(5);

glVertexAttribPointer(5, 4, GL_FLOAT, GL_FALSE, vecdSize, (voidx)(2 * vec4dSize));
glEnableVertexAttribArray(6);

glVertexAttribPointer(6, 4, GL_FLOAT, GL_FALSE, vecdSize, (void*)(3 * vecdSize)):

VAO 1 VBO 1
attribute pointer 0 pos[0] pos[1] pos[2] pos[3] .

attribute pointer 1
attribute pointer 2

attribute pointer 15 VBO 2
pos[0] col[0] pos[1] col1] .

VAO 2
attribute pointer 0
attribute pointer 1
attribute pointer 2

glVertexAttribDivisor(3, 1);
glVertexAttribDivisor(4, 1);
1);
1)

glVertexAttribDivisor(5,
glVertexAttribDivisor (6,

attribute pointer 15

glBindVertexArray(0):
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An Asteroid Field

« Instanced rendering 24! AE (cont.)
— glDrawElementsinstanced() &t& O|&35}0] #EH A
— Oft2{ rock LI5S meshes®| 27| = 10|22, loop= o HO &
— Model class LH2| draw() &t+& Z=0HA| RALB 2 =T 2 £ texture binding= off FOF &

// draw meteorites CPU
asteroidShader .use() ;
asteroidShader .setInt("texture_diffusel", 0);

glActiveTexture(GL_TEXTUREO) ;
// note: we also made the textures_loaded vector public (instead of private) from the model class.

glBindTexture(GL_TEXTURE_2D, rock.textures_loaded[0].id);

for (unsigned int i = 0; i < rock.meshes.size(); i++)

{
glBindVer texArray(rock.meshes[i].VAQ) ;
glDrawElementsinstanced(GL_TRIANGLES, static_cast<unsigned int>(rock.meshes[i].indices.size()), GL_UNSIGNED_INT, 0, amount);

glBindVer texArray(0) ;

Advanced OpenGL (4)



An Asteroid Field

« Instanced rendering 24| AFE (cont.) ~Trer— —T—
— 100,0002+7H AoHME e gio] A
— O] eHAI2 THC|, 3£, particle, 28E &
A=E= shape'=° A sls g 92| Mol
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Anti Aliasing

« Aliasing
- QEZRI Z2 edge &F2| jagged pattern
— Rasterizer?f vertex datag S =0 XA fragment= B = IPH 0 A H4d

 Anti-aliasing
- flet &

= o = L =
dd= S0l == 7|83

Without antialiasing With antialiasing

What Is The Best Anti-Aliasing Mode? [Simple] - DisplayNinja

Advanced OpenGL (4)


https://www.displayninja.com/best-anti-aliasing-mode/

Super Sample Anti-Aliasing (SSAA)

. JFE ETO| EX|DH TP HAZFO| B AA 7|

- LAY B2 fragment HES F[ot &, HEEE A2 E Aot = 0|F B H
— AlLtSHOF Sf= fragment shading 242 HAS ME =0 H[H St S7t (4x SSAA = 4x fragments)

|

Pixel with sampling positions

2 g

Sampled colours

Average = displayed colour

Supersampling - Wikipedia
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https://en.wikipedia.org/wiki/Supersampling

Multisampling

* Rasterizer
~- XB™o=Z M2|=l vertexS 1t fragment shader ALOlof| = 2= O*-T-'Elﬁ FE2M A0 A
— Ztvertex= O[S RAEELE 7HE 4= JAX| T, fragment= & =0 Kotz ZpEDE 7HE —’F AN
— Vertex2t fragment2| Zt# 7+ 1:1 1 EH 2 = 7|'o StE =2, rasterizer= O| Off & 2= Z7H5H0F &

- Rasterizer?| fragment X 2| 178
~ DMol H ZUS MEZ pointE 33,
Sl & fragment”Z}
AZES 20 Zxsh=X| OfH x| 2

O 1 o
— Q| ADtoj et fragment shading &
- O] I-§0f| A edge F O“

aliasingO| ZoiNoz W
(=& L H2E9| 7f==7} ot 754 7] M=)

Advanced OpenGL (4)
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Multisampling

« Multisample Anti-Aliasing(MSAA)

— TMEt o2 7He| MZ pointE, & subsamples AR

— Fragment2| &5 273 [fi, 0| fragment2| subsample= O]
AKX A2 Q= primitiveE LOLEEE coverSt=X| A At

- LA SLZ 7|22 +=HE fragment shader2| A4t Zpgk
O| coverageZt= Tt fragmentOf| HHY

— SSAALl E2| subsample=2} &4 §i0]
shading &4t0| fragment® 1T A AHE

— Color/depth/stencil buffer@| 37|7}
subsamplel| =0 H|H|5}0 St

« MSAAE ZtZ CHEH QI anti-aliasing &8 &
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MSAA in OpenGL

« HHEE2 A= ALEIEZ multisample H
— glfw AFE A "'lE—r 24 ™ subsamplel| 7§
0|2 OpenGLYA GL_MULTISAMPLES ZMA|Z g|Enab
- CHE 29| OpenGL E2IO|HOIM 7|2 Mo 2 2Hste|of YOLf, ZA| ZEL| enabledtz = 3t

. ACY A
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Off-screen MSAA

- HLEO| FBOE TH=0| AFEA|Y= multisample buffer= 2% BH=0{0F &t

« Multisampled texture attachments
— glTeximage2DMultisample() &==2| T OpX|2} I} 2}0| B = fixedsamplelocationsZ, GL_TRUEEZ 27

glBindTexture(GL_TEXTURE_ 2D MULTISAMPLE, tex):
glTexImage2DMul tisample(GL_TEXTURE_ 2D _MULTISAMPLE, samples, GL_RGB, width, height, GL TRUE);

glBindTexture(GL_TEXTURE_2D_MULTISAMPLE, 0);

glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENTO, GL_TEXTURE_2D_MULTISAMPLE, tex, 0);

« Multisampled renderbuffer objects

glRenderbufferStorageMultisample(GL_RENDERBUFFER, 4, GL_DEPTH24 STENCIL8, width, height);

Advanced OpenGL (4)



Off-screen MSAA

« Render to multisampled framebuffer
- OlZjet BE[MEE HIQ| O|0|X[= 7[& || 4B IHO| O|D[X|A E
shader®| A sampler2D SEZ2 2 HEE5I0 ALESH= A0 7=

— glBlitFramebuffer() &f+& 0|82t EH L 2| Resolve tHAE &4l

g e = - o
22 27|19l CHE =2 I Z downscaleStd| S Atblit)E off & Of &t
glBindFramebuffer (GL_READ_FRAMEBUFFER, multisampledFB0);

glBindFramebuffer (GL_DRAW_FRAMEBUFFER, 0);
( GL_NEAREST) ;

0, 0, width, height, 0, 0, width, height, GL_COLOR_BUFFER_BIT,

glBlitFramebuffer

Advanced OpenGL (4)
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Off-screen MSAA

« Post-processing0fl MSAA B &
— Post-processing 21t ¢lof ZE|MEE HI{Q| O|0|X|F HAKNZ ALEot of 5 o=,
O| 2 post-processing= ¢%t 5 & | FBOO]| resolved| = Cf ;
unsigned int msFBO = CreateFBOWithMultiSampledAttachments();

[...]
glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENTO, GL_TEXTURE_2D, screenTexture, 0);

[...]
while(!glfwWindowShouldClose(window))

{
[...]

glBindFramebuffer (msFBO);
ClearFrameBuffer();
DrawScene();

nlo
=l
2>
00
el
O

glBindFramebuffer (GL_READ FRAMEBUFFER, msFBO);
glBindFramebuf fer (GL_DRAW_FRAMEBUFFER, intermediateFBO0);
glBlitFramebuffer(0, 0, width, height, 0, 0, width, height, GL COLOR BUFFER BIT, GL_NEAREST) ]

glBindFramebuf fer (GL_FRAMEBUFFER, 0);
ClearFramebuffer();
glBindTexture(GL_TEXTURE_2D, screenTexture);
DrawPostProcessingQuad() ;

Advanced OpenGL (4)




Off-screen MSAA

« Post-processing%ll MSAA & & (cont.)
- EE#J_ e %raxscale filter AFR A0
E 22 edges &2 75

— CF edge-detection filter?t Z2 Z1HE HEdH
EMI aliasingO| & 7t=
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Custom Anti-Aliasing Algorithm

- HE| MEZ = AKX O|0|X|Z shader0l 217 M0 MHE 2= HHH
— sampler2D CH Al sampler2DMS S Ef 2 M &
uniform sampler2DMS screenTextureMsS;
— texture() 2= CH A texelFetch() &= AFESHY fetche subsample= &

vecd colorSample = texelFetch(screenTextureMS, TexCoords, 3);

« 2| 7|52 O| 83} custom anti-aliasing ¥ 12| F 72 7=
— Fofl 271 smAA s2xZt 1 0o
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MSAAZ2| tHA

« HECZ| AFEE & DML S7t
— 153 X0 A7HE deferred shading & G-buffer AF2A| O{OFZA|SH 22| AL
— 0Of) 4K A= Of| M, 47 32bit render target2 2 A&l G-bufferE, 8x MSAAZ T+ 4& 42

width * height * bytes per render target * # of render targets * # of subsamples
4

= 4096 * 2160 * 1.08GB (1)

POSITION

SPECULAR

G-buffer Deferred shading 21t
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MSAAZQ| tHE

- 35 X5t
— SO0tX M 22| AN AZF Bl custom resolve THAIZ QI8 H& Mot M Tts
— & YA GPU X, subsamplel| 7, SHAEO| M2t H& &

Radeon VIl AA Scaling vs. 2080 | GTA V, 4K/VHU | GamersNexus.net

AMD Radeon VI NVIDIA RTX 2080 FE

E
JH:I
F|O
LU
=
7
Id
A
1
£0
0o

2% MSAA 4x MSAL 8x MS AL 8x MSAA / 8x Reflection

Anti-Aliasing Settings

AMD Radeon VIl Anti-Aliasing & 5K, 8K Benchmarks vs. RTX 2080 |
GamersNexus - Gaming PC Builds & Hardware Benchmarks
Advanced OpenGL (4)



https://www.gamersnexus.net/guides/3438-amd-radeon-vii-anti-aliasing-5k-8k-benchmarks-vs-2080

|

- SE3AA EEE QISHM = subsample 7 747
e

- Geometry2| edget AA 7t

— Texture £ 2] aliasingO|Lt,
post-processing2 £ 2I5l| 47! aliasing= X 2| 27t

A Quick Overview of MSAA —The
Danger Zone (wordpress.com)

GPU =212

Advanced OpenGL (4)


https://mynameismjp.wordpress.com/2012/10/24/msaa-overview/
https://mynameismjp.wordpress.com/2012/10/24/msaa-overview/

MSAAZ2| Ll 2t — Post-Processing Anti-Aliasing

* Post-Processing Anti-Aliasing (PPAA)

— O|O|X] =2 M[H O BEO| AFE E| = edge filtering 7| 21 = post-processing2 £ 1+ ot H

- ZE:msaARtEE| FUHHEEE ERE S LOQD:I M SIEf =k MM C=E M ZF

— Eh:edges X HESIH 2R blurs HEAIZ 9;'\_',
subsample 52 2 7l edgeE filtering x & T+ O'%

—_—

H E
FEH H =

e EXAA, MLAA, CMAA, SMAA SO| CHEXN
— HEE9 AMAAHYE2 0| 5 LB E A5, AFEXEH 71s0tEE 7| Mls

o= T =

- GPU ECIO|H HHO|AN HS0| X HE 7Isot/| = &
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FXAA (Fast approXimate Anti-Aliasing)

« QIH|C|Ot| A BF=, Single-pass shader & 0| Al edgeS LHEHSIY O| & 2 E & A (blur) X 2| o= B H
- HEItEX| B edge/t Ot H B2 (H AKX LR L font ) SHE = US

NVIDIA K| O{ EtO| A ‘HE| U 2| O A — Fxan = LHE MUY K8 THs

. 3IDEF AL

[F=S0 Nz wa
LB 1 Jul ' 2HCINES 08 £ SIaLCE 2HE0IES B T2 A2

2910 4N WITH MY ZRIUE 9
i &

08 30 438 ASsiD Ul I
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https://developer.download.nvidia.com/assets/gamedev/files/sdk/11/FXAA_WhitePaper.pdf

MLAA (Morphological Antialiasing)

« OIEIO| A HPG 2009 B3| O| A A 715 HHEA
- O|0|X|E HEfS MO Z M edgeE 7/U/L-shapesE = F 50 O|F ZI7| CtEA M 2|ot= L H
e AMD Radeon Software A= “HEStX 2| N K| H”"=E LHt 40| M 7t

- :
7 m 7
6 6
Y 4
5 5
4 4
3 3
2 2
U {1
1 1
abhcldefglh‘ "a b ¢ d elfgh
Z-shapes: —I_ _]_ Lj [—| Z and U shape decompaosition into L-shapes:
U-shapes: LJ I _
. 1 C = 1, - I'+ WRIHA HH g (D)
L-shapes: L L =

HENSE H2|HA HH (7)
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https://dl.acm.org/doi/pdf/10.1145/1572769.1572787?casa_token=ZBbRWs10g6sAAAAA:nEgZABxQtCuwpVza16agBDn7KV3JA7YqirVLsUuoi4un7B_2I6z_pe8HLvqC0RGbwLxRqh-o6t7DNw

CMAA (Conservative Morphological Anti-Aliasing)

o MLAAS| 7H A

— Symmetrical Z shapes T2 — Long edgel| AA S & 7t

— Locally dominant edge £t — =2 2 oF HE{ & HHX|

- CMAA0|M = d5S 0= 7443112, msaalte| At &
- QOIE Jafd Moo= et HEd HE|UE| 02

=

& o

Figure 7. Typical detection and handling of symmetrical Z shapes (circled in yellow)

Figure 8. All CMAA shapes: original image, edge detection and final anti-aliased image (with/without edges)

Conservative Morphological Anti-Aliasing (CMAA) (intel.com)
Advanced OpenGL (4)
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https://www.intel.com/content/www/us/en/developer/articles/technical/conservative-morphological-anti-aliasing-cmaa-update.html

SMAA (Enhanced Subpixel Morphological Antialiasing)

* Universidad de Zaragoza2f CrytekO| 74| L} &=, MLAAS| EE CHE 7 M It
— Edge &Y, CHZ M K 2|, shapel| EE 5 MHH o= maAl 2E 74 (ATHE H&2 5t

— Temporal super-sampling 3 MSAARI2| 2Tt : 7t&

Advanced OpenGL (4)
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http://www.iryoku.com/smaa/
http://www.iryoku.com/smaa/

AXAA (Adaptive approXimate Anti-Aliasing)
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Adaptive approXimate Anti-Aliasing (AXAA)

* Three improvements on the original FXAA algarlthm for more effective anti-aliasing ﬁgb
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AXAA: Adaptive approXimate Anti-Aliasing (nahjaeho.github.io)
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https://nahjaeho.github.io/papers/SIG2016/SIG2016_AXAA.pdf

AXAA (Adaptive approXimate Anti-Aliasing)
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* Performance comparison @ FHD (lower is better)
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* Quality comparison
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https://nahjaeho.github.io/papers/SIG2016/Fxaa3_11.h

TAA (Temporal Anti-Aliasing)
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4. Render to frame
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https://sugulee.wordpress.com/2021/06/21/temporal-anti-aliasingtaa-tutorial/
https://www.reddit.com/r/FuckTAA/comments/1526vou/taa_ghosting_in_stray/?rdt=32782

TAA vs MSAA

* Forza Horizon 5: TAA vs MSAA vs OFF | 1440|o, RTX 2060 - YouTube
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https://www.youtube.com/watch?v=zFLLvGu1fRw
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https://fraps.com/download.php
https://www.youtube.com/watch?v=ibNIJ820Pps
https://www.youtube.com/watch?v=ibNIJ820Pps
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