Graphic system & Shader

Programming
David Hackbartn
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Vector graphics

x 1958 - Tennis For Two
(Willlam Higinbotham)

® 1963 - Sketchpad
(lvan Sutherland)

x nflexible




Raster graphics

= 19/0s
= single pixel coloring

® frame buffer for
presentation

= very slow
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© www.scratchapixel.




Hardware Sprites

003700 007650

x 19/70s

® ||mited size

® ||mited colors

® ||mited amount on
screen
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Fixed-rFunction Pipeline

® 1990s
® render pipeline is fixed

= changeable by render
states

= One primitive - one draw
call



Programmable Pipeline

x since 2001

= g part of render pipeline Is

fixed »%
i’ a, ‘q‘;;-
4 ; o ,é\
® changeable by render states 4 |

® SOME parts are ; y
programmable St

= many primitives - one draw
call
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Abstract Layer

Application

Operating
System (GDI)

Graphics API

Device Driver (HAL)

Hardware
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DirectX

= group of many libraries x \/ersion: 12
= Direct3D = too complex for
beginners

® DirectSound
x Directinput (new Xlnput) Al tend ]
® Direct?2D (removed)

® clC.



Programmable Pipeline
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Application

x execution on GPU
« createmodels, norendering
ey,
. B

x [Nput

= clC.

® Scene graph as octree



Vertex

» structure for representing a point In space

® consists of at least a position In space
(normally 3D)

= may have additional attributes




Primitives

Pointlist
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Geometry

® fransformation
x tessellation
x projection

= additional geometry




Geometry Pipeline
Programmable Pipeline

U SHdUEr

~ |
J |




Rasterization

= primitives rasterized
x pixels (fragments) created/colored

x final stage before screen




Rasterizer Pipeline
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Screen

® frame presentation

= Swapchain
= Frontouffer s
e

x Vertical Synchronisation




Memory Resources
(Buffer, Texture,
Constant Buffer)

Input-Assember -
Stage

Vertex Shader
Stage

Hull Shader
Stage

i
Tessellator
vl

Domain Shader
Stage

Geometry Shader
Stage

: Stream Output
Stage

Rasterizer
Stage

Pixel-Shader
Stage

!

Output-Merger
Stage
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Window

= gvery application needs a window
® graphic accelerated content needs also a window
= window Will be created with the help of Windows-AP|

= communication between application and VWindows with
the help of messages






Vertexbufter

= vertices will be saved in a vertexbutfer
= each vertex will be saved sequentially
® cach vertex Is an instance of a struct
» consists all informations, e.qg.

= position

= Normal

® UV



Indexbufter

= |ndices refer to one vertex in vertexoufter

= |ndices can refer to a vertex more than once, but
= only once for one primitive

» |ndices are saved sequentially

= primitives are

= friangle

= |Ine

= point



Create a Mesh

VertexButter

Vertex 1 Vertex 2 Vertex 5 RVERIEXH”

IndexBuffer

0 I Bedll O o ...




There are two types of people.

tttttttttt

COding Time } 5 } &

Programmers will know.




Shader

® g shader IS a program run on a gpu
® optimized for parallel execution
» different shaders for different stages

= Nighly flexible instead of fixed-function pipeline



Shader Languages

x High Level Shading Language (HLSL)
x OpenGL Shading Language (GLSL)

x G for Graphics Effects (Cgkx)



KiINnd of Shaders

® \ertex Shader

x Pixel Shader

x Geometry Shader (since Version 4)
x Hull Shader (since Version 5)

= Domain Shader (since Version 5)

. Compute Shader



Shader Besources

® set for every shader individually

= |[extures
® Samplers

x Constant Buffers



VWorldtranstformation

= transform an object from local into world space
® \We are creating a world/scene
= consists of

= [ranslation

= Rotation

= Scaling

= normal order IS
scaling * rotation (x *y * z) * translation



Viewtransformation

» transform all olbject iInto camera space

= original of this coordinate system is
camera position

» rotation of this coordinate system is
orientation of camera

x distinguish between left and right
handed coordinate system



| eft & Right Handed
Coordinate System

Lett hand Right hand




Viewtransformation

Camera direction

L

View frustum

View transform

Camera
|lt'?:4i1 1on




Projection

» project all object onto a 2d plane
for rasterise a picture

®x normalized device coordinates [-1,+1]
® WO projection
® perspective

® orthographic



Perspective Projection

= normal projection with
= fleld of view
® gspect ratio

® near and far clipping plane



Olgiglele[¢=Telalle
Projection

® perpendicular projection with

®x Window size

® near and far clipping plane



Perspective vs. Orthographic
Projection




Clipping

® Opjects outside unit cube will be discarded

® Objects partly outside will be recreated

unit-cube
' new vertices
Clipping /

»

new vertex - /




Screen Mapping

® transform from normalized to screen space
coordinates

® along z-axis

® [+0,+1]

unit-cube

g Screen mapping

D
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Transtformat
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® every object has to pa
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DirectX & Mathematics

x DirectXMath
= nNew library
x SIMD friendly
= difference between data storage and calculation
x XMELOAT... for storage
x XMVECTOR / XMMATRIX for calculation

® DirectX Tool Kit (only 11) - SimpleMath is wrapper
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INnput Hanaling

® \indow messages

x \WM_KEYDOWN / WM_KEYUP

x \WM_LBUTTONDOWN /WM_LBUTTONUP /WM_MOUSEMOVE
= \WM_INPUT

® Get(Async)KeyState / GetKeyboardState

= Directinput

= XInput



Time

® <Ctime>
® <Chrono>
x GetlickCount

x timeGetlime

® High Performance Timer
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UV Mapping

= normalized coordinate
system

® original In left top corner

® cvery vertex has its own
pair of uv coordinates




Sampler State |

= g sampler state consists of many settings for sampling a pixel on-a texture referenced
by uv coordinates

» address mode set the behaviour of mapping outside the normalised coordinate system
x address modes are

= \WRAP

= CLAMP

= MIRROR

= BORDER

x MIRROR ONCE



Wrap Addressing Mode Clamp Addressing Mode
-1,-1) O(2,-1)




Sampler State |

= Mip Mapping creates smaller variants of a texture

® needs for better performance and caching ISSUES

Mip Mapping




Sampler State |l

® g filter distinguish the sampled color of pixel
®x Modes are

= point filtering

® |inear filtering

® anisotropic filtering



Point Filter Linear Filter Anisotropic Filter

Point Filter Linear Filter Anisotropic Filter

Z =




Linear Anisotropic
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Anisotropic 16x
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Lighting

® |ighting per vertex -> Vertex Lighting
= Not usual today

® NOt SO precise

® petter: Pixel Lighting

® gt least save information for later lighting



Face VvsS. Vertex vs. Pixel Lighting

Per-face Per-vertex Per-pixel
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lypes

. Ambient
x Diffuse
= Specular

® Emission

Texture * (Ambient + Diffuse) + Specular + Emission



Light Source

Directional Light Point Light




Light Source
Q.

Viewer
9

Surface

n- 1= |n|| |||| cos®



Have a great weekend

I hope your code behaves on Monday
the same way it did on Friday

Coding Time




