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@ src - SampleScene - Windows, Mac, Linux - Unity 6.2 (6000.2.6f1) <DX12>
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Object Space ~=—O Normal(3)

e Albedo

Object Space e =0 Tangent(3)

Multiply Fragment
* Albedo(4) @ g

Main Light Direction L
® A(4) Out{4) @~ =——-— @ Bage Color(3)
Direction(3) @ Dot Product Multiply Maximum I ® B(4)

@ A(3) Olit(1)} Of =P A} Out(1) & =————————:0 A(1) Out(1) @
lormal Vectc
Normal Vector X -1 o =0 B(1) X 0 o =0 B(1)
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Adjustment
Channel Mixer
Contrast
Hue
Invert Colors
Replace Color
Saturation
White Balance
Blend
Blend
Filter
Dither
Fade Transition
Mask
[SLELGENVERS
Color Mask
Normal
Normal Blend
Normal From Height
Normal From Texture
Normal Reconstruct Z
Normal Strength
Normal Unpack
Utility
Colorspace Conversion
Channel
Append
Combine
Flip
Split

Swizzle

Custom Render Texture
Self

Size

Slice Index [/ Cubemap Face

Input
2D
Light Texture
Basic
Boolean
Color
Constant
Float
Integer
Slider
Time
Vector 2
Vector 3
Vector 4
Geometry
Bitangent Vector
Instance ID
Normal Vector
Position
Screen Position
Tangent Vector
uv
Vertex Color
Vertex D
View Direction
View Vector
Gradient
Blackbody
Gradient

Sample Gradient

Lighting
Ambient
Baked Gl
Main Light Direction
Reflection Probe
Matrix
Matrix 2x2
Matrix 3x3
Matrix 4x4
Transformation Matrix
Mesh Deformation
Compute Deformation
Linear Blend Skinning
Sprite Skinning
PBR
Dielectric Specular
Metal Reflectance
Scene
Camera
Eye Index
Fog
Object
Scene Color
Scene Depth
Scene Depth Difference
Screen

Texture

Calculate Level Of Detail Texture 2D

Cubemap Asset
Gather Texture 2D

Sample Cubemap

Sample Reflected Cubemap

Sample Texture 2D

Sample Texture 2D Array

Sample Texture 2D LOD
Sample Texture 3D
Sample Virtual Texture
Sampler State
Split Texture Transform
Texture 2D Array Asset
Texture 2D Asset
Texture 3D Asset
Texture Size

Universal

URP Sample Buffer

Math
Advanced
Absolute
Exponential
Length
Log
Modulo
Negate
Normalize
Posterize
Reciprocal
Reciprocal Square Root
Basic
Add
Divide
Multiply
Power
Square Root
Subtract
Derivative
DDX
DDXY
DDY
Interpolation
Inverse Lerp
Lerp

Smoothstep

Matrix
Matrix Construction
Matrix Determinant
Matrix Split
Matrix Transpose
Range
Clamp
Fraction
Maximum
Minimum
One Minus
Random Range
Remap
Saturate
Round
Ceiling
Floor
Round
Sign
Step

Truncate

Trigonometry
Arccosine
Arcsine
Arctangent
Arctangent2
Cosine
Degrees To Radians
Hyperbolic Cosine
Hyperbolic Sine
Hyperbolic Tangent
Radians To Degrees
Sine
Tangent

Vector
Cross Product
Distance
Dot Product
Fresnel Effect
Projection
Reflection
Refract
Rejection
Rotate About Axis
Sphere Mask
Transform

Wave
Noise Sine Wave
Sawtooth Wave
Square Wave

Triangle Wave

Procedural
Checkerboard
Noise
Gradient Noise
Simple Noise
Voronol

Shape
Ellipse
Polygon
Rectangle
Rounded Polygon
Rounded Rectangle

Properties
Property: Albedo
SpeedTree

SpeedTree8Billboard

SpeedTree8CameraFacingLeafEffect

SpeedTree8ColorAlpha
SpeedTree8InterpolatedNormals
SpeedTree8LODTransition

SpeedTree8Wind

SpeedTree9CameraFacinglLeafEffect

SpeedTree9Wind

Utility
Custom Function
Preview
Logic
All
And
Any
Branch
Comparison
Is Front Face
Is Infinite
Is NaN
Nand
Not
Or
uv
Flipbook
Parallax Mapping
Parallax Occlusion Mapping
Polar Coordinates
Radial Shear
Rotate
Spherize
Tiling And Offset
Triplanar

Twirl
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Artistic / — F
Adjustment

Channel Mixer Contrast Replace Color Saturation

Channel Mixer

==0 In(3]

AN INOEFroRIH EEAFroRILICTEST  AAINOIY A R%EAT Contrast DEIZE - ADFromDEEZELWVWAN INOER. AL To®MEIC A In DFE%E A Saturation DETHEEL £
ZEEHMELET, THRELET, BIRAET D
Hue Invert Colors White Balance

Degrees ~

AR In OBHEEAN Offset DELZFA 7Y L& FrrrLIEICAD N OBERELET. AFIn OEBEr &8 (F1 ¥ M) AN
ER Temperature 5 & TFAS Tint OETHAHEL £,
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Blend

INTX—A— Mode TEESN/TLYRE—REFERHLT. AN Blend DfEZ ASIBase ICJL Y RLE
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Blend

Blend

0 Base(1) Out(1) O

-0 Blend(1)

O Opacity(1)

Mode Overlay
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Filter

Dither

Dither

X 0 e =0 In(1)

Default* e---O Screen Position(4)

TAH—IBEFHREZ S VA LILT S OIFERATNIEENG /A XTY, BRAICEITZ2HS—N>T
1 VI BREDKRRBNZ—> (BRDIELUIRER) ZPHLLT 3 1-BICERTNE T,
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Mask

Channel Mask Color Mask

Channel Mask

«=0 In(1) Out(1) ©

Channels Everything~=

Channels D FOw A I AZa—TERSNI=Fvr>» AFI1MaskColor ¥ ZFLWAA In DEHS. TR
FIET. A INDEEYZAILET, OEER L £ 7
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Normal

Normal Blend Normal From Height

Normal From Height

Normal Blend

Tangent =

Default d

ANATEETINDEABYYTELANIBTEERETNSE  AFl Texture TEZEETNBZNA b w TH SR
2DODFEETVITETLUYRLETD, w T EIEREL £ 7%

Normal Strength Normal Unpack

AN TEETNZERY Y JOBEZ AT Strength . AN In TEETh2ERY Y TZEBALE.
DIETHEEL X7,
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Utility

Colorspace Conversion

Colorspace Conversion

* =0 |n(3) Qut(3) ©

RGB

AN InDEZHZ2BEZEEDSHOBEMATRLICEREZELEY.
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Channel / —F

Combine Flip

Combine

O R(1) RGBA(4)

=0 G(1) RGB(3)

-0 B(1) RG(2)
.~0 A1)

AN OEFroxIIH, EHAF v oFILZES AN N@OI>Y S bEAIContrast DEIZE>T
TEHEEFFELES FELET,

Split Swizzle

A7 In OBEE AL Offset DEFIFA 7Y FLF FroRILIEICAN N OBZEREL £,
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Input / — F
Basic (BX)

Boolean

Boolean

. Out(4) ©
out(B) © ——

Default =

TE# Boolean OE (7 —JLE) &>z —H—LETEZRL Color 71 —JL FEERLTEMH Vector 4 DfEE S T
9, —4—LTEELET,

Constant Integer

Constant Integer

HEEH Veclor 1 OfEE T —4—LTEELET,
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Integer 7 r —JL R E{FER L TEH Vector 1 OfEE >
I—H4—LETEELFETD.
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Slider
Time(1)

o
out(1) Sine Time(1)
Cosine Time(1)

Delta Time(1)

Smooth Delta(1)

Slider 7« —JL FZ{EBALTE#H Vector 1 DfExE> T 11— —ETEBEO Time NS A—F—%FEEATE

—4H4—FETERELET, ESE

Vector 1 Vector 2

Vector 2
Vector 1

*==O X(1) oOut(2) O

*-=~O X(1) oOut(l) ©

*—==0 Y(1)

Y x—4—LETVector 1 DEZEEEL T, r—H—LETVector2 fEZEEL 7.

Vector 3

Vector 3

=0 X(1) ou(3) ©
o =) Y(”

e===0 Z(1)

vx—4—LETVector3fEREEL F75

Vector 4

Vector 4

O X(1) out(4) ©
O (1)
O z(m)

O w()

r—HA—ETVector4 fEXEZL 7.
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Geometry (74 X k1))

Bitangent Vector Normal Vector

Tangent Vector uv

Tangent
Bitangent Vector

Xy aDESH BT 55 X O Bitangent Xy aOESEH BT S5Y X D Normal Xy2aDERBZWITFI X bD Tangent Xy aDERBBZWETFI X2 LD UV EFEAD
Vector (EHESAY ML) ADT I 2RI L Vector GEERY ML) ADT U1 RERHLET, Vector (RN bIL) ADT7 72 2 ZRZH L E T, TORRERELET.
%o Vertex Color View Direction
Position Screen Position

Vertex Color View Direction

Screen Position

Default v

Xy 1QBEEBBNETFT XY RO Position (T~ Xy 2DERBZ VST 55 X kO Screen Ayp DN E o biEe Bl Xk @ NedexBdor| Xy 2 DI Shiida 3 44 Lo VioW
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Gradient (/2757 —> 3 )

Blackbody Gradient

Gradient

BE (B 7ILEY) DAADS. BEICELZT ST M Gradient 2> 1 —H—LTEELET,
—2arEHITUVTLET.

Sample Gradient
dient

dient(G) Out(4) ©

-=O Time(1)

Time ®AFCEL T Gradient (¥ 57— 3 >) &4
YTVTLETD,
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Matrix (75))

Matrix 2x2 Matrix 3x3

Matrix 2x2 Matrix 3x3

out(2x2) © Out(3x3) O

T Matrix 2x2 DiEE S T—H—ECEZELZE EHM Matrix 3x3 DiEE S T—H4— L TCEELET.
ER

Matrix 4x4 Transformation Matrix

Matrix 4x4

Transformation Matrix

Out(4x4) ©

Model

EH Matrix 4x4 O > 1 —4—ETEELFE 774 /L O Unity Transformation Matrix BB D E# Matrix
£ x4 DEET—F—LTEELET.
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PBR (JEER—X L VA1) > 4)

Dielectric Specular Metal Reflectance

Metal Reflectance

Material

MIBEAR—Z2DY T ') 7ILD. Dielectric Specular GEE MEN—ZXDI 7 7LD, Metal Reflectance (£/&
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Object

Scene (—2)

Ambient Camera

Camera

Object

) Position(3)
Ambient

Direction(3) .

Position(3) ©

Color/Sky(3) © Orthographic(1)

Scale(3) ©

Equator(3) @ Near Plane(1)

Ground(3) O Far Plane(1)
Z Buffer Sign(1)

Width(1)

O O O O O O 0 O

Height(1)
F 72 | (Object) DEE/NZA—R—~ADT
T AERBLET.
—> O Ambient (RiR) OBDEADTIE A%
RELET,

IRTED Camera (WX 7) DEBNZA—A—~DT I+
AERELET,

Baked GI

Scene Color

Fog

Scene Color

Fog

Defauliv *---O yy(4) out(3) O

Object Space e-=~O Pposition(3) Color(4) ©

Density(1) ©

=YD Fog (7P ) NFA—F—~DOTILRA ERHZVET I A2 FOMEIZS TS Baked Gl D1E
ZRERHELED ADTIEAERMBLET,
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TRERELET.
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BEDHAAS (Camera) DA — Ny T 7ADTT

Reflection Probe Screen

Screen

Reflection Probe

Object Space *--=O view Dir(3) oOut(3) ©

Width(1)

Object Space ®-=-O Normal(3)

X 0 *--O LOD(1) Helght(” O

BEONFA—F—ADOT I/ Z=RHELET

F 7T RIZEE I Reflection Probe () 7 L2323
»FO—NAOTFT 7+ AERBELET,

Scene Depth

Scene Depth

Defauliv -0 Uv(4) Out(1) ©

Samplir Linear 01 ~

IH{ED Camera (W X 3) DFEENY T 7 ADT I A%
RELED
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Texture (77 X F v —)

Cubemap Asset Sample Cubemap Sample Texture 2D LOD Sample Texture 3D Texture 2D Array Asset Texture 2D Asset

Sample Texture 3D

Cubemap Asset

Texture 2D Asset

Out(

Out(T2) ©

= N axture 2 rrav)
# None (Cubemap) @ None (Texture 2D Array)

[ None (Texture)

1 —H—ATEMT ST Cubemap Asset #F  Cubemap (¥ a—72w ) EH > TYvdL, -4 B LOD T Texture 2D EH T U V4 L. &1 Texture 3D BH YT v L. S 1—4—HTEETS S —HA—NTERT ST Texture 2D Array > = — 4 —HATER T 3 EH Texture 2D Asset #E&E L
BLET. —PICHERT 3 Vector 4 DEOWEEL £ 7. Y RTEET ABDEAEL T OEEELE T Asset ZERL £ 7.

Sample Texture 2D Sample Texture 2D Array Texture 3D Asset

Sampler State Texel Size

Sampler State
Texture 3D Asset

out(ss) ©

Tangent  ~

Out(T3) ©

Filter  Linear [ None (Texture 3D)

Wrap Repeat

1 —H—ATHEAT S EH Texture 3D Asset &
EELET,

Texture 2D ZH>FUF L, Px—H—HTHE REDA T v T Texture 2D Array & H > ) 5
BAY3B0EZELET, L. YT—H—ATERATIBDEZELET,

FTOAF¥—OH 2T B Sampler State  Texture 2D AQD 7oL -1 XdD Width(18) & Height
(BT —RE) EERLET. (BE) ZRLET,
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Math (=) / — F
Advanced (E1t7EE£0)

Absolute Exponential Modulo Reciprocal

Modulo
Absolute Exponential Negate Reciprocal

) -0 A1) out(1) ©
e==0 In(1) out(1) © «==0 In(1) out(1) © o 80 e =0 |n(1) out(1) ©
1 )

*=-=Q In(1) Qut(1) @

Base Base E v Method Default v

AF In DIETHE -7 . DIEHEEEL 7. ANAZANBTESTRDERLET. AN In DEHERL £,

Length Normalize Posterize Reciprocal Square Root

Posterize
Length Log Normalize Reciprocal Square Root

5 5 *==0 In(1) Oout(1) O
o0 Inf1 out(1) © *-==0 In(1) Qut(1) © - In(1) Out(1) s =) o]
) +---O Steps(l) In(1) Out(1)

Base Base E v

AhhoESEERLET, AT In ORHEEL £, AN In OEREAT FILERLE T, AN In%E. AJ Steps DIETEBRSNIMEDKIZE 1% AN INnOFABTE - EREELET,
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Basic (BEABEMTRIE)

Add

Qut(1)

2 DDATMEDEFHEELE T

Multiply

Multiply

=0 A1)

=0 B(1)

ANAICANBERLIEREELET

TOKYO POLYTECHNIC
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Divide

Divide

oeO A1)

-=Q B(1)

ANNTAZ AN B TRIoTERZIELET.

Power

Power

==0 A1)

-0 B(1)

ANADANBREOEREZERLETY,

Square Root

Square Root

==0 In(1)

AT In OFHIREEL XY,

Subtract

Subtract

=0 A1)

=0 B(1)

ATTADBSATIBESIVWIEREELED,
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Derivative (f47)

DDX DDXY

2 os)

s ERRIFTED FBEEIOTILEDE
. 2le: oI THED(E

¢ ;:.:%5 %,ﬁ L/ -( G P U -( (j: I’Z\a_ Z9) = ZR—Z X EREICH T MO EEIREL = MAOMSMEDIIEIEL £,
2x20>Eé1_L‘C LA 0EN5 =

DDX

>

DDY

N\

A9 =2 AR—Ry ERIZHT BMAMETRL
Er
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Interpolation (&)

Inverse Lerp Lerp

Inverse Lerp

=0 A1) Oout(1) ©

-0 B(1)

=0 T(1)

ANADSANBETOBHAOANTICE>TEESNSE ANACANBOBEAANT TRERHELE
BEERTH/NIA—F—&RLET, BERERLED,

Smoothstep

*-=-0Q Edgel(1) Out{1) ©
*~=-0 Edg
*~==0 |n(1)

AZ1InH*AH Edgel ¥ Edge2 ORICHBBEIC. 02 1D
BOBESHETILIE - ~ERORERERLF T,

K . GE TOKYO POLYTECHNIC FO5S AT—5 3w FN

UNIVERSITY



K® GE

TOKYO POLYTECHNIC

UNIVERSITY

Matrix (17%1))

Matrix Construction Matrix Determinant

Matrix Construction

Matrix Determinant

Identity e---O |n(2x2) Out(1) ©

MO, M1, M2, M3 @D 4 D2DANART MLGIERTT AR In TEESNBTHDTIHEZEL £7.
DIEBELET,

Matrix Split Matrix Transpose

Matrix Split

Identity e-=-O |n(2x2)
Matrix Transpose

Identity e---O

AN INn TEEINBZEFITIEAZ MLICZEILE ABDINTEZRSIBZ1THO. ANBAEZERLE
El ER
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Range (£3)

Clamp Fraction One Minus Random Range

Clamp Fraction One Minus Random Range
* =0 Seed(2) Qut(1) ©

==Q In(n) oR- ] (o]
In(1) Out(1) *-=-0 |n(1) out(1) © y «--0 Min(1)
==Q Min(1) )
-0 Max(1)

=0 Max(1)

AZ1In%&E, A Min TE BR/MENS AT Max | AFT In @ LB FEOE) 2R F THhEANINEZF|WEERTELET. AN Min TEETh3R/MEN S AN Max TESE
TERINZEAEZCOBEICAELTORELET, ER ShamAEE TOEAOELEEETEL T,
Maximum Minimum Remap Saturate

Maximum Minimum
Remap Saturate

*e--0 AQ1) out(1) O
=0 A1) out(1) © =0 In(n) out(n) © *=-0 In() out(1) ©
*=-=0 B(1 : -
o==0 B(1) t -~O In Min Max(2)
==0 Out Min Max(2)

EBD2DODANEDSBEORAEZIELEFT, AXB®2DOOAIMED iR z ~ 90 A Qut Min Max @EEEH S A In Min Max D FE[F ANINDOEE0 1 OBICEELGELZE T,
Ay AN InDEZBYYTLES,
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Round (iH£ALIE) Step

Ceiling Floor
Step

-~O Edge(1)

Ceiling
: Floor

*==0 |n(1)
-—0 In(1) Out(1) ©

AT In DIEHR A Edge DEULEDESIE 1 %,
A In DB LD, BEREEEL T, AT In DEUTFD, BAEKEEELET. ENLSDBEI 0 EBLET,

Round Sign Truncate

Round Sign Truncate

==0 In(1) Out(1) ©

==O In(1) out(1) © -—Q In(1) out(1) ©

AN In OfEE. BLAEVERICMBAALTEL AN InOEDN 0EKEBOBEE 1%, 0ICELWEEIRO AN In DEORHBASEERLET.
9, Z. 0&DREVIBER 1 ERLET,
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Trigonometry (= A R8%))

Arccosine Arcsine

Arccosine Arcsine

*===0 |n(1) out(1) © s===0 In(1)

A In DEK

LTELZFETY:

FALERETODARZ HLE
LTELETY:

Arctangent Arctangent2

Arctangent2
Arctangent

==0 A1) out(1) ©
*-==0 In(1) out(1) ©

=0 B(1)

Hin OECEEERZRLFY. SHAB-P2H5 ANALANBOAEADECEEEEELET.
i AICR D F T,

Out(1) ©

AN In DBERESOFEEEE. BLRIOAZ MLE

Cosine Degrees to Radians

Degrees To Radians

out(1) © e=-=0 |n(1)

AT In DIED AR In DiEZEHD

Hyperbolic Cosine Hyperbolic Sine

Hyperbolic Cosine Hyperbolic Sine

*===0 In(1) out(1) © s===0 |n(1)

AT In OINEhERSR AR In OEDINEFREZL TR L £

out(1) ©

Out(1)

o

Hyperbolic Tangent

Hyperbolic Tangent

*=-=0 In(1)

AF1In DEDIERIEEEELFET.

Sine

Sine

o===0 n(1)

AR In DEDIERE

Out(1) ©

out(1) ©

Radians to Degrees

Radians To Degrees

s===Q |n(1)

A In D%

Tangent

Tangent

*===0 In(1)

AZIn DEDES (B8 2ELFY.

out(1) ©
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Vector (N7 kL)

Cross Product Distance Projection Reflection Projection Rejection

Projection Projection

Distance Reflection Rejection
5 ) a0 )

--0 B(1) ==-O B}

=0 A1) out(1) © e==0 |n(1) out(1) © *==0 A1)

*-=0 B(1) e--~0O Normal(1) *=-=0 B(1)

ANA Y BOEOHFEERLET. ABDAY BOEOEOI—2) v FE#MEELFT. A ADOEE AT B DIEIC BE  AfIn CEER Normal 2EALTRAOARY FILERLFY, AN ADEZEATIBDE T93E AhADEE. ANBOBrEAZRTFALICENLIEREZER
hit 5 LIRS RA [t;t3:5 A ELET, LEF

Dot Product Fresnel Effect
Rejection Rotate About Axis Sphere Mask Transform

Dot Product
o Fresnel Effect Rejection
==0 AQ1) out(1) ©

-0 Al Out(1) C Rotate About Axis
World Space «---O Ngrmal(3) out(1) © o0 B

=0 B(1)

Transform
=0 In(3) X m
World Space «-+~O View Dir(3) St -0 |n(3) out(3) ©
-0 Axis(3)

X e =0
1 Power(1) E Rotation(1) Object * = World -

Unit Radians  « Type Position =

ANA Y BOEDK ).
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« The Road toward Unified Rendering with Unity's High

Definition Render Pipeline

* https://advances.realtimerendering.com/s2018/

- HLBUE:DisneyDILENET IV F
- RERAZERELFHGGX F
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Abstract: When designing a rendering engine architecture, one frequently must choose whether to implement a forward or a deferred renderer, as each choice
presents an important number of design decisions for material and lighting pipelines. Each of the approaches (forward-, forward-plus, or deferred) has a number
of strengths and deficiencies, widely covered in previous conference presentations from shipping games’ engines. The features offered by each rendering
architecture varies widely, and often can be content-centric.

When designing the high-definition rendering pipeline (HDRP) for the Unity engine, the authors desired to leverage the strengths of each rendering approach, as
necessary for various application contexts (a console game, VR application, etc.). Thus, an important design constraint for the architecture of HDRP became a
unified feature set between the deferred and forward rendering paths.

This presentation will explain how the team tackled designing the lighting, material and rendering architecture for the HDRP with the feature parity design
constraint as one of the main pillars. It will cover the details of the flexible G-buffer layout architecture, explain the logic behind the taken design choices, and
necessary optimizations for efficient execution on modern console hardware. In addition, the authors will present advanced developments made in the field of
physically-based rendering, material advances, focusing on the novel BRDF model used for the rendering pipeline. The talk will also provide a framework for
correctly mixing normals with complex material for evaluation at runtime. Lastly, the architecture and technical details of the physically-based volumetric
lighting approach will be described, along with the necessary optimizations for fast performance.

Bios: Sébastien Lagarde is a lead graphics programmer at Unity Technologies where he's driving the architecture of Unity's high definition rendering pipeline,
amongst other projects. Prior to Unity, he has worked on many game consoles for variety of titles, from small casual games to AAA (Remember Me, Mirror's Edge
2, StarWars Battlefront, among some). Sébastien has previously worked for Neko Entertainment, Darkworks, Trioviz, Dontnod and Electronic Arts / Frostbite.

Evgenii Golubev, Graphics Programmer in the Unity’s Paris Graphics team, where he is contributing to Unity’s high definition rendering pipeline architecture,
focusing on physically-based materials and advanced light transport, making them run efficiently on modern hardware. Previously worked on the rendering
technology at Havok and Microsoft.

jals (Undated: August 25" 2018): PDF (14 MB). Book of the Dead HD RP Video. Automotive HD RP Video, Volumetrics in HD RP Video (Slide 134), HD RP
ipating Media Authoring Video (Slide 137), Spotlight with highly forward-scattering fog GIF (Slide 140)
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