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| ooz | | e | A
Vertex/Index j j j j
Buffer Input Vertex ] RN e Fragment Color Frame
(x1,y1,z1) Assembles Shader [ Shader ‘D[ Blending Buffer
(x2,y2,22) ~ A | SO
o

(X31y3123) 9: \

\ 2 2

JUA]
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floatd

/f Sample texture for 3 different normals and add up
ey sult
11=2.0 I n IMapTextur

.Sample (NormalMapSampler,
£:

.Sample (NormalMapSampler,
Of:

re.Sample (NormalMapSampler,
1f*g time))).rgb-1.0f;

/f Calculate the tangent matrix and the birormal vector

in VS8QutputPS.m normalWS=normalize (
in VsOutputPS.m normalWs) :
binormal=cross (in V30utputP5.m normalWs, tangent );

/f Create the tangent matrix and its transpose
TBNMatrix=float3x3(tangent,binormal,

in VsOutputPS.m normalWs);
TENMatrixT = transpose (TENMatrix);

/f Sum, normalize, and get the normal into world coord

INormal normall + normal?2 + normall;

INormal = normalize (finalNormal);

finalNormal = mul (finalNormal, (float3x3)g world);

in VSOutputPS5.m normalWS=mul (in VS50utputP5.m normalWs,
(float3ix3)g world);

in VSOutputPS.m normalWS = normalize |

in VS0utputP5.m normalWs);

finalNormal=fi INormal+in VSOutputPS.m normalWs;

firalNormal=normalize (finalNormal) ;
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SR BEGIEE S

L

960 * 640 2732*%2048 3800*3000%*2
Iphone 4 (2010) Ipad Pro(2015) Vision Pro(2023)
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Auto-generated with Radeon GPU Analyzer (RGA).
#version 450

| #extension GL_GOOGLE_include_directive : require

layout(location = 8) in vec3 fragColor;
layout(location = @) out vecd outColor;

) void main()
16 {
11 outColor = vecd(fragColor, 1.06f);
i2 }

Ox0ee764 exp
OxQ0076C s_endpgm

L11 2023/7/12

Operands
5sI/o:3 , BXer

exec, exel

B, %2
L R
'
A‘ LTt
L, attri
exec, 8:1
0, 3, g,
.;,l ';. »
instidB(VALL
/5 /2. v
6 ]y
' ' i,

instid@({VALL
D, v4, v1,
L, -~ I b

instid@(VALLU
ve, ve, 1.0

mrt@ vi, vo,

. t:15
1st:15
t:15
exp:
exg
4
DEP 3) instskip(NEXT) instidl(VALI
5 exp:7?
exp:7
DEP_3) instskip(NEXT) instidi(VALU
ve ait ex
DEP_2)

off, off done

ratch memory

DEP_3)
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Auto-generated with Radeon GPU Analyzer (RGA)

fiversion 450
Wextension GL_GOOGLE_include_directive : require

layout(location = @) in vecd fragColor;
layout(location = @) out vecd outColor;

vold main()

float dummy = 1,.0f;
outColor «» vecd(fragColor, 1.0f);

float dummy = 1.0f

o

2

#version 450
{ mextension GL_GOOGLE_include_directive :

layout(location = @) in vec3 fragColor;
layout(location = @) out vecd outColor;
I void main()
10 {
11 outColor = vecd4(fragColor, 1.8f);

2}

L11 2023/7/12

Auto-generated with Radeon GPU Analyzer (RGA).

require

| A ™ N
|

|

|

}

|

]

}

|

|

|

}

|

|

}

|

|

| PR "l wl, vh, wtt ' deve
[ s
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IR0 1ERL

: ﬁl%%%?ﬂ?kﬁ]ﬂ?ﬂ“bﬂc{t:

=={ 3
- BERS
. ’E%{%ﬁ
.« 4 ‘ﬂ¥§‘tlﬁﬁﬁ
- B iﬁlilﬂ*

int func(int argc,char **argv){
intx=1;
return x;

}
int func(int argc,char **argv){
return 1;

}

L11 2023/7/12
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int func(int argc,char **argv){

. ﬁ&%ﬁﬁﬂﬂ?ﬁ“ﬁ&: intx=1;
fg;ﬁ inty=2;
N ;ﬁ% |ntz=x.+ Y;
. E-%{g% } return z;
* 4 ‘ﬂ?rﬁ‘tlﬁﬂﬁ ‘

. FEME

int func(int argc,char **argv){
return 1+2;

}

L11 2023/7/12
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. ﬁl%%%ﬂﬂihﬁ]ﬁi?ﬂ“bﬂcﬂ, int. func(int argc,char **argv){
BIEiE e
* Eihs return y’;
. E%ﬁ?ﬁ )
. "ﬂ?rﬁ‘\’..léﬂ!? ‘
- B iﬁlilﬂ* | .
...... int func(int argc,char **argv){
intx=1;
return x;
}

L11 2023/7/12
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S 1. REMERLEAL

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

. GESR AT T XL o2
° Eg{gﬁ int z = (x+y)*2+(y+x)*6;
g gg;g% return z;
x — }
« RAHFRIIBR ‘
- TREIER
- BiEMREL , |
. int func(int argc,char **argv){
...... el
inty=2;
int temp = x+y;
intz=E * 8§;
return z;
}

L11 2023/7/12
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IR0 1ERL

: ﬁl%%%?ﬂ?hﬁ]ﬂ?ﬂ“bﬁc{t:

=={ 5
- BERS
. ’E%{ﬁﬁ
.« 4 ‘ﬂ?r§‘tll‘=jlf$
- B iﬁlilﬂ*

int func(int argc,char **argv){
intx=1;
int x =x;
return x;

}

\ 4

int func(int argc,char **argv){
intx=1;
return x;

}

L11 2023/7/12
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int sub_func() {

ﬁl%%%?ﬂiﬂl]ﬁﬂ?izm‘ﬁcﬂs return 1;
S(&HE }
Sha
E%fg}ﬁ int func(int argc,char **argv){
N A ] int x = sub_func();
ZoECHBiEMR \ R
HiEMEX

...... 3

int func(int argc,char **argv){
return 1;

}

L11 2023/7/12



N 2. JUTHERIAL

Faniile

- K53

- Bi&

- (BIMRAYES D!
EliRER=E
- BinsEin

- BTN SH
{alntEee ot TRIEITEREHR
« Nsight

« Radeon GPU Analyzer
« Snapdragon Profiler
FEFREHEX

« ALU, Tex ...

- L1, VRAM ..

HN
%=H
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& layout(location
7 layout(location

N, Fanifitt

V‘ Auto-generated with Radeon GPU Analyzer (RGA).*/

2 #version 450

4 #extension GL_GOOGLE_include_directive : require

@) in vec3 fragColor;
@) out vec4 outColor;

9 void main()

10 {

float dummy = 1.0f;
outColor = vec4(fragColor, 1.8f);

2. FUTHTERITIL
BN

- MEFFEE: VGPRs

- rE251=FE8: SGVRs

- HZEMRTE: LDS / Shared Memory

- ZHFs8ia: Scratch memory
pE(%IO

- RORE. BF. FESEMNES

- ERHENIES
L ESTER

- MBS

- EHBREHOP (sin/cos/exp/log/......)
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FRIAL 2. JUTMERHAL

TIPS

EitEEIINaE @G (Vertex Shader)

v BHE—LRE, BuUpPakEEs
v' Gouraud Lighting: EIR=it&EMe&, E@ LtiiE
v UVAAMRTEHE, tHRIRTE., KEKETIR. TELH...

(ERSEFETITRESR
‘ . 3 ’oo
el B AT T R A
| = g T
v" Perlin Noise v Ambient Occlusion v Shading Results
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y  FE@ 2. FATPTERAITIL

- TIPS

- BIrEENIGE

- - float a0
{

LUT = sample(lut, vec2(roughness,NdotV)) float t = min(0.475 * g, exp2(-9.28 * NoV));

t + 0.0275 0

i I RIEAKEIT S, > S ) 1A

AR A A A BB B
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ET T 2. PUTHERARAL

TIPS

EHEHAFTE
1ET8: 1ET8:
floatx =1.5/7.1; #define Pl 3.14159
floaty = 2.4 * sin(1.2); #define HALF Pl 1.57079

#define TWO Pl 6.28318

i
float x =1.5; Bl -
x=x/171; float a = PI;
float y = sin(1.2); a*=2;
y *= 2.4;

(EREEEAESE

float (32bit) : SEE, ZBFuE. UVIIEBEIE
half (16bit) : hZ5E , ZAHDR, UVHl+65,504 09548
fixed (11bit) : {(R}SE , -2.03+2.0, SHFLDREE
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T 2. PUTHERARAL

TIPS
- LEHITIRENR
N3k Hix:
float height = 1.23; float height = 1.23;
float width = 3.45; float width = 3.45;
float3 world = float3(1,3,5); float3 world = float3(1,3,5);
float3 pos = (height * width) * world; float3 pos = height * (width * world);
. BB
H =,
IEE%: .E'l*.
_ % : if (x == 0) {
y += 5 *when_eq(x, 0); v s

vec4 when eq(vecd x, vecd y) {
return 1.0 - abs(sign(x - y)); }

- R PassEi=
v gJLAiE—LShader§F i3k, FE{EShaderB&HE(EEATEHE

L11 2023/7/12
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=AY, 3. ERAT (LOD)

- BRI
. 1:%34:'.1 LOD
- RORIEREE

« 1BIAR9JLAE]

- 5888 LOD
s RERIRPEESKE
o TBILARISNI

s BRI

Far

t =1.42ms t=1.10ms (LOD2)
L11 2023/7/12
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Wk’;‘% FEHA 3. BEIX4HT5 (LOD)

same glossiness

- B E By CRRIREY
e GGX-) Phong-) Unlit
» B CREIA Ak
e Specular, indirect lighting ...
* Manual setting

‘%*/ \i|::|z

* Bake color into vertex/ texture(unlit)

[ )
\Wkk
>N
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 RAVEEARAD? + BaEEAAS
- (SRR ABIS R SR ? cBanFafas
e 1B R BRI ? - BaltHEREFER
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fopt = argmin t(v, u)

A
f
ewu) < gmax

Shader Codes (f)

Simplification Rules Rendering Error

Mesh (v) [bK503 ][pe/0'5 ] Optimization methods
Uniform parameters (u) [SAMWL11] ——
[WYY14][HFTF15] [SAMWL11][WYY14]

L11 2023/7/12 [HFTF15]
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BRHEZE

vec3 ambient = texture(aotex, coord);
vec3 diffuse = texture(difftex, coord);
vec3 specular =texture(spectex, coord);
float s = texture(shiness, coord);

float NdotH = (H, N);

float NdotL = (N, lightdir);

float3 spec  specular (NdotH, s);
float3 diff  diffuse * NdotL;

float blinnp = ambient + diff + spec;

Simplfiy
—_—

vec3 ambient = texture(aotex, coord);
vec3 specular =texture(spectex, coord);
float s = texture(shiness, coord);

float NdotH = (H, N);

float NdotL = (N, lightdir);

float3 spec  specular (NdotH, s);
float blinnp = ambient + spec;

* Shader variant

Render &

Evaluate

L11 2023/7/12

Scene Configurations

Peformance

Quality
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1. BR{HEZE

vec3 ambient = texture(aotex, coord);
vec3 diffuse = texture(difftex, coord);
vec3 specular =texture(spectex, coord);
float s = texture(shiness, coord);

float NdotH = (H, N);

float NdotL = (N, lightdir);

float3 spec  specular (NdotH, s);
float3 diff  diffuse * NdotL;

float blinnp = ambient + diff + spec;

Simplfiy
—_—

Simplfiy
—_—

Simplfiy
—_—

vec3 ambient = texture(aotex, coord);
vec3 specular =texture(spectex, coord);
float s = texture(shiness, coord);

float NdotH = (H, N);

float NdotL = (N, lightdir);

float3 spec  specular (NdotH, s);
float blinnp = ambient + spec;

* Shader variant

vec3 ambient = texture(aotex, coord);
vec3 specular =texture(spectex, coord);
float s = texture(shiness, coord);

float NdotH = (H, N);

float NdotL = (N, lightdir);

float3 spec - specular

float blinnp = ambient + spec;

vec3 ambient = texture(aotex, coord);
float blinnp = ambient;

Render &

Evaluate

Render &

Evaluate
—

L11 2023/7/12

* 9

* Peformance

° Quality

»
. Syne Configurat@ns

* Peformance

* Quality

* Peformance

* Quality

Optimized
— for best

LODs
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1. BRORHEZE

* AMETELACRS
» BRI

* WA EI AL
- BRI

- {LAHESR
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)

DAL

2. (CAB RN

{\goofe‘\

|
1 in{
2 a;
3 b;
4}
5 example(in param,
6 param.b = param.b+1;
7 i=0;
8 x=0;
9 (i<n){
10 sum = param.a+i;
11 X = param.a’i;
12 }
13 X =Xx+1;
14}

Program Dependence
Graph

Abstract Syntax Tree

* GLSLang
e (https://github.com/KhronosGroup/glslang)

* DirectXShaderCompiler
* (https://github.com/microsoft/DirectXShaderCompiler)

L11 2023/7/12


https://github.com/KhronosGroup/glslang
https://github.com/microsoft/DirectXShaderCompiler

=i 2. (REETEHA

e Expression reduction [Pel05]
float3 H = normalize(eye _dir + |_dir);

1

float3 H = normalize(l_dir);

float3 H = normalize(eye_dir);

L11 2023/7/12



W}“\:}‘ . Z_Ij] ﬁt’f 't 2 1%65%1"3%%&”

e Expression reduction [Pel05]
* Loops reduction [PelO5] For i in range(a, b)

1

Foriinrange(a+ x, b -y)

L11 2023/7/12
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e Expression reduction [Pel05]
* Loops reduction [PelO5]
* Expression Swap [Sitthi-amorn11]

NdotL =dot(N, L); =>  NdotL = dot(N, H);

NdotH = dot(N, H); => NdotH = dot(N, L);

L11 2023/7/12
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=PIl e

2. (CAB RN

e Expression reduction [Pel05]

* Loops reduction [PelO5]

* Expression Swap [Sitthi-amorn11]

* Fragment transform to vertex [WYY14]

L11 2023/7/12

float3 |_dir, eye;

float4 main(in float3 pos,in float3 N){
float3 eye_dir = eye - pos;
float3 H = normalize(eye_dir + |_dir);
float NdotH = saturate(dot(H, N));
float4 spec = 0.5f * pow(NdotH, 10.0f);
float4 diff = 0.5f* dot(N, |_dir);
return spec + diff;}

1

float4 main(...){

float4 spec = 0.5 *pow(NdotH,10.0f);
return spec + diff}

float4 main(in float3 color){
return color;}



R, B 2. (XD anm

e Expression reduction [Pel05]

* Loops reduction [PelO5]

* Expression Swap [Sitthi-amorn11]

* Fragment transform to vertex [WYY14]

L11 2023/7/12
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2. (CAB RN

e Expression reduction [Pel05]

* Loops reduction [PelO5]

* Expression Swap [Sitthi-amorn11]

* Fragment transform to vertex [WYY14]

* Fragment transform to tessellation [WYY14]

L11 2023/7/12

float3 |_dir, eye;

float4 main(in float3 pos,in float3 N){
float3 eye_dir = eye - pos;
float3 H = normalize(eye_dir + |_dir);
float NdotH = saturate(dot(H, N));
float4 spec = 0.5f * pow(NdotH, 10.0f);
float4 diff = 0.5f* dot(N, |_dir);
return spec + diff;}

1

main(){ tessfactor = 2; }
float4 main(...){

float4 spec = 0.5 *pow(NdotH,10.0f);
return spec + diff}

float4 main(in float3 color){
return color;}



W/WJ% S THHAL, 2. {HEE{ RN

e Expression reduction [Pel05]

* Loops reduction [PelO5]

* Expression Swap [Sitthi-amorn11]

* Fragment transform to vertex [WYY14]
* Fragment transform to tessellation [WYY14] E

L11 2023/7/12



2

)

=PIl e

2. (CAB RN

e Expression reduction [Pel05]

* Loops reduction [PelO5]

* Expression Swap [Sitthi-amorn11]

* Fragment transform to vertex [WYY14]

* Fragment transform to tessellation [WYY14]
* Fragment to uniform/const [Pel05][Hel5]

L11 2023/7/12

float3 |_dir, eye;

float4 main(in float3 pos,in float3 N){
float3 eye_dir = eye - pos;
float3 H = normalize(eye_dir + |_dir);
float NdotH = saturate(dot(H, N));
float4 spec = 0.5f * pow(NdotH, 10.0f);
float4 diff = 0.5f* dot(N, |_dir);
return spec + diff;}

1

float3 |_dir, eye, spec;

float4 main(in float3 pos,in float3 N){
float3 eye_dir = eye - pos;
float4 diff = 0.5f* dot(N, |_dir);
return spec + diff;}
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2. (CAB RN

* Expression reduction [Pel05]

* Loops reduction [PelO5]

* Expression Swap [Sitthi-amorn11]

* Fragment transform to vertex [WYY14]

* Fragment transform to tessellation [WYY14]
* Fragment to uniform/const [Pel05][Hel5]

* Fragment to high order baking[WYY14]

L11 2023/7/12

float3 |_dir, eye;

float4 main(in float3 pos,in float3 N){
float3 eye_dir = eye - pos;
float3 H = normalize(eye_dir + |_dir);
float NdotH = saturate(dot(H, N));
float4 spec = 0.5f * pow(NdotH, 10.0f);
float4 diff = 0.5f* dot(N, |_dir);
return spec + diff;}

1

float3 |_dir, eye;

float4 main(in float3 pos,in float3 N){
float3 eye_dir = eye - pos;
float4 diff = 0.5f* dot(N, |_dir);
float4 spec = BezierApproximate()
return spec + diff;}



W}“\"}, . Z_Ij] {jt’f’t 2. 1%65%1"3%%&”

e Expression reduction [Pel05]

* Loops reduction [PelO5]

* Expression Swap [Sitthi-amorn11]

* Fragment transform to vertex [WYY14]

* Fragment transform to tessellation [WYY14]
Bezier Triangle

(@)

O/,-—-\ o

* Fragment to uniform/const [Pel05][Hel5]
* Fragment to high order baking[WYY14] = -

L11 2023/7/12
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3. KIBEHIRAE

1.

3.

4.

5.

Parse shader code into AST and PDG
* glsllang

Set scene configuration
* Random light/view/material parameters

For each variable/expression

Shader Codes

L 4

Shader Simplification

rules

Applying simplification

Select representative

e .
variants

‘ Shader variants

T Evaluated results

 Output value if necessary (average/fitting)
 Apply simplification rules

e Generate new variant n

Render to measure performance and quality
* Gotostep3

Select best lods

L11 2023/7/12

Cso Js Jlse J

r
I
8 : /Predict at once(ours) '~ (&810 | |(& )11 ]| (& D12

(& oo [(8, t)o1] [(8, t)oz]

\/

A sequence of variants




=[5y ¢ 4. RMAAHESR

s BMNSERIFEIFES

J:E I Multi-Objective Genetic Programming (NSGA-II):
° Genetic Programing Initialize Sort Select Pairs Crossover Mutate-Evaluate Select

« FPAE—NIERRAERS ' o

- FRAHRZSTMIE
« MiXE— 1 EYEEEFIR=
X_’i’JTE *DJB’T\E

(LTI FRE. 88FE... E?Ors:; :

IR E— A BB

Crowding W
Heuristic

Rendering Time

L11 2023/7/12



4. TFILAH

A System for Rapid, Automatic Shader Level-of-Detail

Yong He, Theresa Foley, Natalya Tatarchuk, Kayvon Fatahalian

L11 2023/7/12



S 4. TFRMIAHESR

C RIESK

- [HEE®BESIETHE
- SRS ERISIRIREEY Lt

S 137%;%‘%%%1% <—2?r|:rc ::?e:rr:z?de;or filtering candidates
¢ ﬁﬁ%@%ﬁgg; EI:I Shader error ”

(units specific to quality evaluator)

¢ ﬂEU - $E1L\)\%1’KZ |\Eji%%1:ﬁ1l’\)\'|\$ Figure 2: Our greedy search algorithm attempts to follow a

performance-quality Pareto curve. At each step we select the sim-
plified shader with the best ratio of change in performance versus
error, among candidates below an error threshold.

+——— Original shader

/ Current shader

> Candidate shader
ey with median error

Estimated shader cost

L11 2023/7/12
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1 Vit View1 |

' '

1 '

1 '

1 '

1 1

-f\ 1

" v 1
J’\\L’\)J\-‘_,—

1 '

1 '

N 1] '

— 4

] ]

: =gl Shades '

'

1 < nime wenplitoad shader ]

1 s i

1 ~Oillier senpifid dhadcr )

1 '

Voo -
Frame Sequence

(a) View I: Original Shader X0 FPS (b) Online Simplified Shader 171 FPS (¢) Offfine Simplified Shader 146 FPS

. "‘KJ‘, X J) | '-_k_/ij )

- lmage emor

@ 3} (9} | (9}

'~

=¥ roe threshold

~Choe simphified shader

v e sismphificd shader

Yoow 00 MO0
Friome Sequence

{) m— () 2

(d) View 2: Original Shader 84 FPS  (¢) Online Simplified Shder 144 FPS () OMine Simplified Shader 127 FPS

Runtime Shader Simplification via Instant Search in Reduced Optimization Space

Yazhen Yuan, Rui Wang, Tianlei Hu, Hujun Bao

L11 2023/7/12
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Simplification
rules

]_.

4. TFMIACHESR
Shader variants o .
:-: ':‘ — [Estimation] —> é ”... -. :'.

Uniform influence

\

Time

) [ Clustering ]

Uniform influence

\

o
()
£ — O o
|_
(o B ==
Uniform influence
Reduced optimization space Simplification dependency graph
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st 4. Lt

node2

ambient

selfmissive
+

realdiffuse

vec3 . Importance/error (inc.) I .
node2 1 float Fe = pow(1.0 -l 5.0); >
2 vec3 FSchlick = vec3(clamp(50*specular.y) * [ + (specular * (1- Fc)); (o) ) :
‘ambient 3 vec3 emissive = pow(texture(emissivetex 1, coord).xyz, vec3(2.2)); b \ ‘ )
* 4 vec3 selfemissive = (emissive * (1.0 - roughness)) * 0.5; % R
selfmissive 5 vec3 realdiffuse = (diffuse * nl) / vec3(3.14); B
" 6 vee3 node0 = \'ccfa((ambic nl) * vis); ‘
, 7 vec3 nodel = FSchlick *{disT; b

realdiffuse 8 vec3 node2 = ambient * (| selfemissive +| realdiffu :

9 vec3 finalret ={node2H+ (node0 *{ nodel '

ShaderTransformer:
Predicting shader quality via one-shot embedding for fast simplification

Yuchi Huo, Shi Li, Xu Chen, Yazhen Yuan, Wenting Zheng, Hai Lin, Rui Wang, Hujun Bao
ACM SIGGRAPH 2022

L11 2023/7/12
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4. TFRMIAHESR

Simplification Distance ~ Shading Error

Attention Cache ﬂg_

Shader Inputs

i

Input Encoder
(PointNet)

//Original Shader

veed eye_dir =normalize
(camera - worldpos);

position encoding

A
Query
(Matrix)

Node Decoder
(Transformer)

Context Encoder
(Transformer)

Node Encoder
(Fully-Connected)
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Human Head Shader
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Shader Variants
Pareto Frontier === -

1

0

0.00625 0.0125 0.01875 0.025 0.03125 0.0375 0.04375 0.05

Error (L% in RGB)

[Sitthi-amorn11]
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Original, 7.77ms

® Error=1.0e-3, 7.24ms
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S

1.0

_ Time(ms)

>

e=0017,t=4.54, m=0.79

Original Shader, 8.67ms, 0.0625MB

|
|
|
J
/j

w100

Error

[WYY14]
e=0.073,1=4.42, m = 0.0625
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