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Checker-shadow illusion:
The squares marked A and B
are the same shade of gray.

Edward H. Adelson
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NMMonocbl Maxa

[Mma3 4yBCTBYET Ha rpaHuLax nepenanbl UHMeEHCUBHOCMU U ee rpou3800HOL



NMMonocbl Maxa

MTak, 9TO MHTEePECHbIN BU3YyanbHbIN apTedakT,
n3pecTHbIn Kak Mach band effect — Ha rpanuue
CcKkaykoobpasHoro nepexoga MHTEHCUBHOCTHU
4yeroBeK BUONT TEMHbIE LiBETa bonee TEMHbIMU, a
CBeTIble LBETa Dosiee CBETMbIMU, YEM OHWN ECTb
Ha caMOM [ere, YTo B cny4ae rnonuroHanbHbIX
reoMeTpuYeCcKnX Mmoaenen ewle donee ycunmeaeTt
9PPEKT «FPAHEHOCTNU» NOBEPXHOCTU



NMMonocbl Maxa

Gouraud
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[[eoMeTpUYecKana onTuka n cpeaa

* Jlyu ceeta (JIC nnun poToH) Bceraa no npsiMom -
- [1Ba JIC He B3aMOZENCTBYIOT APYr C APYroM (~- &
* 1C He B3auModencTByeT co cpeaomn N A




[Mpamana n odbpaTtHaa TPaCcCUPOBKHU

Image Plane
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OTpaXeHne oT NOBEPXHOCTH

OnddysHoe 3epkarnsHoe

* [lornoweHne n amuccus e OT BHELLHEN MOBEPXHOCTU

* [lo BCeM HanpaBneHusam e 3aBUCUT OT NOJIOXKEHUS
PaBHOMEPHO MCTOYHUKOB U KaMepbl

* [Nagkasa — y3knn 6nuk;
LLiepoxoBaTasa — LUMpoKoe
NATHO

O v




Lambertian
Subsurface Light Transport
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JlokanbHasa moaenb
OCBELleHHOCTM

» Kaxkabl NICTOYHUK OCBELLEHUA — OTAENbHO
 J[InHenHas KoMObMHaUMA ANS HECKONbKNX NCTOYHMKOB:
* l(a+b) = I(a) + I(b)
* I(k*a) = k*I(a)
* HeT BnnsiHus o6beKToB Apyr Ha Apyra
* bes TeHen, 6e3 oTpaeHnn

» KaxkabIn nukcenb obpabaTbiBaeTcH
He3aBUCUMO OT OPYrux nmkcenemn



JlokanbHaga Mmogenb OCBEeLEeHHOCTH

BRDF

Bidirectional reflectance

distribution function

[Byxny4deBas yHKUUA OoTpaXXaTenbHOM CIOCOOHOCTH
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Ideal diffuse
Directional diffuse

Ideal specular






U3MepeHus
ASMEPERMA BroF

* Bidirectional Reflectance Distribution
Function

Light Detector

ﬂh

fi(x,¥ —>0)= dL(x >0) _ dL(x — ®)

dE(x <) - L(x < ¥)cos(V,_,¥)do,




N3mepeHusa BRDF

Light Folding Focusing Spectro-
source Mmirror lens radiometer
CERARE

Motor

Polarizer |
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Source arm pivots
around sample
(Motor 3)



ba3a paHHbIX MERL BRDF
MITSUBISHI ELECTRIC RESEARCH LABORATORIES
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PaccessHHbIM cBeT U andpdysHoe
oTpaxeHue

I — k(l " IA
ambient light

YBenu4eHue k.



PaccesaHHbIN cBeT n guddysHoe
oTpaxeHue

‘ .= : 0,
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Normal vector ., .
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to light source

[ =kgz-cosO -1
diffuse light



PaccessHHbIu cBeT U anddysHoe
oTpaxeHue

I =kg-cosO-1, + k-1,
diffuse light ambient light
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/ Normal vector O
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to light SOZN




PaccessHHbIu cBeT U anddysHoe
oTpaXeHue

A

YBenu4yeHue k.

yBenuyeHue K



« T
/ Normal vector
N A

to light source

3epKanbHoOe oTpaxeHue
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Ve ‘ AN

— . n .
I =k ,-cos"a-I;
specular light




Moaenb nonHoro otpaxxeHus Nno @oHry
(Phong reflection model)

« T
/ Normal vector
T T N A
/ ‘ N

to light source

I=1,-k,+1 - (kg cosB + k. -cos"a)

I=1,-k,+1;,-(kg-(N-L)+ks-(R-V)")



Moaenb nonHoro otpaxxeHus Nno @oHry
(Phong reflection model)

Ambient Diffuse Specular = Phong Reflection

[]-m
b Z

(a) ambient (b) diffuse (c) specular (d) diff.4spec.




Moaenb nonHoro otpaxxeHus Nno @oHry
(Phong reflection model)

N / Normal vector
ISDIII‘CE N A
[= / ‘ N

B 4 1 d?

to light source

[=K [ + / K, cos(©) + K. cos"(a
oo (}PJFK(J () s ())

[ = Ambient + attenuation ( diffuse + specular )

[=K [ + L K, (NL)+K. (RV)"
o CIZPJFK ( d( ) 5( ))




Blinn-Phong reflection model




Blinn-Phong reflection model
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a+ 2B + 2y = 180°




Blinn-Phong reflection model

>
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N H L+V

H =
IL + V|

0/p @+ 2B + 2y = 180°




Blinn-Phong reflection model

a+ 2B + 2y = 180°
5§+ B +y=90°

§=90°—f —y
a=180°—28+2y =2-(90°—B —y)

a =20

[=1-k,+1 - (ky-(N-L)+ k- (N-H)")
I:IA'kﬂ‘I‘IL'(kd'(N'L)_I_ks.(R.V)n)



ToppaHc-Cnappoy

(pacnp.laycca, bakmaHa)

for2 }2
D=t e mit, D=_1 _¢-tsirmp

m2costd

Ennauynas HODMaAb
K MOBEPXHOCTH

EnuHnyHas HopMasb
K MUKPOIpaHu




ToppaHc-Cnappoy

peanbHoe n3obpaxeHue moaernb doHra



ToppaHc-Cnappoy

pearnbHoe n3obpaxeHue mofenb ToppaHca



TekcTtypuposaHue BRDF

OaunHakoBass BRDF BRDF B kaxxoown To4ke



BSSRDF : Bidirectional surface scattering
reflectance distribution function

1 BRDF “‘é')" BSSRDF

'll (N

* 8D function

» Subsurface Scattering

Ravi Ramamoorthi



BSSRDF : Bidirectional surface scattering
reflectance distribution function

BSSRDF



BSSRDF : Bidirectional surface scattering
reflectance distribution function

BSSRDF




(b)

(e) (f)
A simulation of subsurface scattering in a marble bust. illuminated from behind and
rendered using: (a) BRDF approximation (2 m), (b) BSSRDF approximation (5 m), and
(c) a full Monte Carlo simulation (in 1250 minutes).
Notice how the BSSRDF model matches the appearance of the Monte Carlo
simulation, yet is significantly faster. The images in (d—f) show

the different components of the BSSRDF: (d) single scattering term, (e) diffusion term,
and (f) Fresnel term.

(d)
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Lights and Materials

NctouHunku ceeta (Lights) ocBewator 00beKThI CLEHbI

DirectX nogunTbiBaeT UBET KaXkJ0W BEPLUNHbLI OOBbEKTA,
ncxoasi n3s:

e LBeT BepwunHbl - Materials
® LIBET UCTOYHMKA cBeTa - Lights



http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174697(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147175(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174697(v=vs.85).aspx

Lights and Materials

Point Light - aHanor namnbl HakannBaHUS

no3nums
LBeT

HanpaBneHne - Bce CTOPOHbI
3aTyxaeT Ha pacCTosHUU


http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174697(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174697(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174697(v=vs.85).aspx

Lights and Materials

Directional Light - aHanor conHua gHem (Ha 3emre)

no3vUumn HeT
LBeT

HanpaBneHne - Ny4n napannenbHbl
He 3aTyXxaeT Ha PacCTOosAHUM



http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174697(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174697(v=vs.85).aspx

Lights and Materials

noamymsa
uBeT
HanpaBneHue - ABa KoHyca

(NOCTOSAHHOW MHTEHCUBHOCTU U 3aTyXatoLLen
3aTyxaeT Ha paccTOosHUM

OOOOOOOO



http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174697(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174697(v=vs.85).aspx

Lights and Materials

Materials
MaTtepuanbl 3agatoT To, Kak 0ObeKTbl OTpaXkatoT CBET

LIBeT kaxgoro nukcena Ha aKpaHe COCTOUT U3:

ambient
diffuse
specular
emissive
reflection


http://msdn.microsoft.com/en-us/library/windows/desktop/bb147175(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx

Lights and Materials

CocTasnsawowada Ambient
9TO NMOCTOSIHHAA cocTaBnaAwLWaa uBeTa

Ob6bLIYHO Kcrnonb3yeTcd ata doopmyna:
Ambient Lighting = Ga

Ga - Global ambient color

Hanpumep, korga Heb6o nacMypHoe OHEM, BCE OOBLEKTI
BCE paBHO OCBELLEHbI Ha ynuue


http://msdn.microsoft.com/en-us/library/windows/desktop/bb147175(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx

CocTasngawowada Ambient
bonee obwasa gopmyna:

Lights and Materials

Ambient Lighting = Ca*[Ga + sum(Atteni*Spoti*Lai)]

Parameter

Ca

Ga

Atten;

Spot;

sum

Default
value

(0,0,0,0)

(0,0,0,0)

(0,0,0,0)

(0,0,0,0)

N/A

(0,0,0,0)

Type

D3DCOLORVALUE

D3DCOLORVALUE

D3DCOLORVALUE

D3DVECTOR

N/A

D3DVECTOR

Description

Material ambient color
Global ambient color

Light attenuation of the ith light. See Attenuation and Spotlight
Factor (Direct3D 9).

Spotlight factor of the ith light. See Attenuation and Spotlight
Factor (Direct3D 9).

Sum of the ambient light

Light ambient color of the ith light


http://msdn.microsoft.com/en-us/library/windows/desktop/bb147175(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172256(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172256(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172256(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172256(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172256(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172256(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx

Lights and Materials

Coctasngatowas Diffuse
9TO cocTaBnsawoLlas LBeTa 3aBUCUT OT HOpManu

Diffuse Lighting = (N*Ldir) N ,

Ldir - Direction vector from object vertex to the light

diffuse ambient diffuse + ambient

N - Vertex normal



http://msdn.microsoft.com/en-us/library/windows/desktop/bb219656(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx

Lights and Materials

Coctasngatwowas Diffuse
boriee obwasa dopmyna:
Diffuse Lighting = sum[Cd*Ld*(N.Ldir)*Atten*Spot]

Parameter

sum

Cd

Ld

Ldir

Atten

Spot

Default
value

N/A

(0.0,0,0)

(0,0,0,0)

N/A

N/A

N/A

N/A

Type

N/A

D3DCOLORVALUE

D3DCOLORVALUE

D3DVECTOR

D3DVECTOR

FLOAT

FLOAT

Description

Summation of each light's diffuse component.
Diffuse color.

Light diffuse color.

Vertex normal

Direction vector from object vertex to the light.

Light attenuation. See Attenuation and Spotlight Factor
(Direct3D 9).

Spotlight factor. See Attenuation and Spotlight Factor (Direct3D
9).

incident light

amount of reflected light = cozd



http://msdn.microsoft.com/en-us/library/windows/desktop/bb219656(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb219656(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb219656(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb219656(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb219656(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx

Lights and Materials

Coctasngatwowasa Specular
9TO NPOCTO ONUK

Specular Lighting = (N - H)P

diffuse diffuse + ambient
N - Vertex normal

H - Half way vector
P - Specular reflection power. Range is 0 to +infinity ,

H = norm(norm(Cp - Vp) + Ldir)
Cp - Camera position

Vp - Vertex position

Ldir - Direction vector from vertex position to the light position _ _
diffuse + ambient +

specular


http://msdn.microsoft.com/en-us/library/windows/desktop/bb147175(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx

Lights and Materials

CocTasngawowasa Specular

910 npocTto 6nuk. Obwas popmyna:
Specular Lighting = Cs * sum[Ls * (N - H)? * Atten * Spot]

Default

Parameter B Type Description

Cs (0,0,0,0) D3DCOLORVALUE  Specular color.

sum N/A N/A Summation of each light's specular component.

N N/A D3DVECTOR Vertex normal.

H N/A D3DVECTOR Half way vector. See the section on the halfway vector.

P 0.0 FLOAT Specular reflection power. Range is 0 to +infinity

Ls (0,0,0,0) D3DCOLORVALUE  Light specular color.

Atten N/A FLOAT Light attenuation value. See Attenuation and Spotlight Factor d Iﬁ:u Se + am blent +
(Direct3D 9). Specular

Spot N/A FLOAT Spotlight factor. See Attenuation and Spotlight Factor (Direct3D

9).


http://msdn.microsoft.com/en-us/library/windows/desktop/bb147175(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147399(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147399(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147399(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147399(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147399(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147399(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147399(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147399(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147399(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147399(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147399(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx

L

ights and Materials

Attenuation (KoapdUUMEHT 3aTyxaHus)

Atten = 1/( attOi + att1i * d + att2i * d2)

Parameter

atto;

attl;

attl

e Atten = 1, if the light is a directional light.

Default value

0.0

0.0

0.0

N/A

Type
FLOAT
FLOAT

FLOAT

FLOAT

Description

Constant attenuation factor
Linear attenuation factor
Quadratic attenuation factor

Distance from vertex position to light position

e Atten = 0, if the distance between the light and the vertex exceeds the light's range.

Range

0 to +infinity
0 to +infinity
0 to +infinity

N/A


http://msdn.microsoft.com/en-us/library/windows/desktop/bb172279(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172279(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172279(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172279(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172279(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172279(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172279(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172279(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172279(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172279(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172279(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172279(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb172279(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx

Lights and Materials

Knaccuyecknn npumep onsa XyaoXxHUKOB

¢. David Briggs, 2007


http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174694(v=vs.85).aspx

KomnbloTepHan
[‘paduka

Vertex Shaders



KonBeunep OpenGL

Application

—

Geometry

—>»| Rasterization

—>

Screen

Model & Camera
transformation

T Lighting —  Projection T Clipping —

Object coordinates Camera coordinates

Clipping coordinates

Window-

Viewport
transformation T

Device coordinates



KonBeunep OpenGL

1)
2)

3)
4)
5)
6)

7)

8)
9)

Vertex Specification —3agaHne reomeTpum o6 bEKTOB.

Vertex shader — 06paboTka 3a4aHHbIX BEPLUUH

(B MMpoBOM NpoOCTpPaHCTBE).

- (onumoHanbHO) -

- (onumoHanbHO) -

Vertex post-processing — coxpaHeHne NPUMUTUBOB.
Primitive assembly — knnnunposaHune (otbpacbiBaHue
HEeHYXHbIX YacTeln), BUAOBOE N NPOEKTUBHOE
npeobpa3oBaHmMs (B NPOCTPAHCTBO 3KpaHa).
Rasterization — pa3bueHune Ha ropn3oHTaNbHbIE
bparmeHTbl, BUANMbIE Ha SKPAHE.

Fragment Shader — 06paboTka pparmeHTOB.
Per-Sample Operations — utorosoe 3anosiHeHne
NUKCenen Ha sKpaHe.

Vertex Specification

v

Vertex Shader

Vertex Post-Processing

v

Primitive Assembly

v

Rasterization

Per-Sample Operations




KonBeunep OpenGL

Vertex Buffer/
Arrays Objects

Rasterization

»‘ Textures I

Fragment Per-Fragment
Shader Operations Framebufter

Figure 1-1 OpenGL ES 3.0 Graphics Pipeline
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Vertex Shader

Vertex shader is a small programthat is executed on GPU?
for each vertex® in mesh

small program’ = is a small assembly-language program (compiled code)
executed on GPU?=i.e. 1 000 000 vertices per frame, GPU has 1 000 cores
each vertex® = single vertex at a time, doesn’t generate new vertices

Shader ot croBa shading, no-pyccku - ocBeLieHue (NpsIMoON NepeBos - 3aTeHeHue)

@ Vertex shader > ' Pixel shader >
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Vertex Shader

Can do:

e transform each vertex's 3D position in virtual space to the 2D coordinate at
which it appears on the screen

e manipulate properties such as position, color and texture coordinate

e can enable powerful control over the details of position, movement, lighting,
and color in any scene

Can’t do:

e polygon based operations (back face culling, occlusion culling)
e write to other vertices
e create new vertices

@ Vertex shader > Pixel shader >
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Example. OpenGL 2.0.

o

Varying Shader Input
(position, color, ...) :>

Local Shader Variables
(local variables) <:>

Vertex Shader

code
e HLSL/GLSL
e assembler

#version 110

attribute vec3 position;

attribute vec4 color;

void main()

{

vec4(position, 1.0) * matrixWorldViewProjT;

color * constColor;




Example. DirectX 9.
_ :> Vertex Shader

Varying Shader Input :> >
(position, color, ...) co.de HLSL/GLSL

Local Shader Variables e assembler
(local variables) ®

floatdx4 matrixWorldViewProjT; VS_OUTPUT main( VS_INPUT input)
float4 materialColor; {
struct VS_INPUT VS_OUTPUT output;
{
float4 Position :POSITION; output.Position £ mul(input.Position, matrixWorldViewProjT);
float4 Color : COLOR; output.Color  |= input.Color * materialColor;
i
struct VS_OUTPUT return output;
{ 2
float4 Position :POSITION;
float4 Color : COLORO;
i




Example. DirectX 11.

—

Vertex Shader

code

Varying Shader Input :>
e HLSL/GLSL

(position, color, ...)

Local Shader Variables e assembler
(local variables) ®

cbuffer ConstantBuffer : register( b0 ) PS_INPUT VS(VS_INPUT input)
{ {

float4x4 matrixWorldViewProjT; PS_lNPUT output = (PS_lNPUT)O;

float4 materialColor;

}
struct VS_INPUT
{ output.Color  |= input.Color * materialColor;

output.Position + mul( input.Position, matrixWorldViewProjT );

float4 Position : POSITION;

float4 Color : COLOR; return output;
Ii }
struct PS_INPUT float4 PS( PS_INPUT input) : SV_Target
{

float4 Position : SV_POSITION; {

float4 Color : COLOR; return InpUt'00|or;




HLSL/GLSL. Versions.
iy |

Varying Shader Input
(position, color, ...)

Local Shader Variables
(local variables)

—
&

Vertex Shader

code

e HLSL/GLSL
e assembler

—

DirectX version 8.0 9.0 9.0a 9.0c 10,10.1, 11
Vertex shader version 1.1031 2.061131M141 | 2 Qaléllisin4] | 3 QM) 4.01%94 1115150
# of instruction slots 128 256 256 =512 4096
max # of instructions 128 1024 65536 65536 65536
executed

> 256 256 > 256 16x4096
# temp registers 12 12 16 32 4096
(Local Shader Variables)
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HLSL/GLSL. Versions.

CeroaHs wenaepbl NULWYT Ha:

e DirectX HLSL (High Level Shader Language)
e OpenGL GLSL (OpenGL ShaderLanguage)

C-based languages that are compiled to assembler and executed on GPU

Every GPU has list of supported shader versions

DirectX and OpenGL has list of corresponding versions:

DirectX 20 | 2.1 30 (31 32 (40 50

OpenGL 1.10 1 1.20 | 1.20 1 1.40 | 1.50 3.30  4.30
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HLSL/GLSL.

Data Types
scalars
vectors

matrix

Built-in Functions

trigonometric

exponential

common

geometric

DirectX
bool, int, float
float2, float3, float4

float4x4, float4x3, ...

DirectX

sin, cos, tan, asin, acos,
atan, atan2

pow, exp, log, sqrt

abs, sign, floor, ceil, fmod,
min, max, clamp, saturate

length, distance, dot, cross,
normalize

Types and Functions.

OpenGL

bool, int, float
vec2, vec3, vecsd

mat4, mat3, mat2

OpenGL

sin, cos, tan, asin, acos,
atan

pow, exp, log, sqrt

abs, sign, floor, ceil, mod,
min, max, clamp

length, distance, dot, cross,
normalize


https://msdn.microsoft.com/ru-ru/library/windows/desktop/bb509587(v=vs.85).aspx
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https://msdn.microsoft.com/ru-ru/library/windows/desktop/ff471376(v=vs.85).aspx
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GLSL. Features.

CUHOHWUMBI:
X,Y,Z,W =r,g,b,a=5s,t,p,q

[ToACTaHOBKMU:
V.XyXy == vec4(v.x, V.y, V.X, V.y);

KecTtKkaa Tmnmnsauma:
Iloat V= a:)

Vertex shader:
highp vec4 gl _Position; // should be written to
mediump float gl_PointSize; // may be written to



