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Shading Languages
Renderman
Rob Cook & Ken Perlin are usually credited with developing the very first languages used to describe shading calculations.

These early efforts were primarily aimed at off-line rendering systems.

Their work evolved into defining a full-featured language for describing shading calculations. This was later taken up by Pat Hanrahan in 1988, and culminated in the release of the first Renderman Interface Specification by Pixar.
Interface Specification

The Renderman Interface Specification was intended to define the communications protocol (interface) between modelling programs and rendering programs.

Renderman provides a complete graphics pipeline of its’ own that has no relationship to OpenGL

Renderman provides support for describing geometric primitives, hierarchical modelling, stacking of geometric transformations, camera attributes, shading attributes, and constructive solid geometry.
Producing very high quality renders aimed primarily at animation production (off-line rendering).

Renderman Shading Language (RSL)

RSL describes arbitrary shaders that can be passed to the renderer through the Renderman interface.

Language based on C. Very similar to OpenGL Shading Language

Renderman Interface is similar to OpenGL, whilst Renderman Shading Language is similar to GLSL

Main differences:

OpenGL

· mapped closely onto the hardware and has abstracted two types of shaders: Vertex & Fragment
Renderman Shading Language (RSL) 

· abstracts five shader types: light shaders, displacement shaders, surface shaders, volume shaders, and imager shaders

RSL lends itself to high quality rendering, but does not match up well with the hardware.
RSL are typically software-based. However, attempts to accelerate RSL in hardware have been made
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HLSL - High Level Shader Language

Defined by Microsoft and introduced with DirectX 9 in 2002.

Supports programmability at both vertex and pixel (fragment) level. 

HLSL compiler sits outside DirectX. 

Shader programs are never sent directly to the DirectX API for execution. Instead the HLSL compiler translates HLSL source code into assembly-level source or binary programs called vertex shaders and pixel shaders.

Pros & Cons: 

· Programs can be translated off-line. However, translation may still need to be translated to native machine code at execution time.

· HLSL is not guaranteed to run on every platform

Shader writes have two choices:

· either write their code to target the lowest common denominator  (hardware with very little programmability)

· Target their shader at a specific class of hardware (using a language feature called PROFILES)
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Cg

High level shading language similar to HLSL – Supported by NVIDIA

Cg can create either DirectX vertex/pixel shader assembly code or GLSL vertex/fragment (assembly-level ) code.

Cg shaders can be used in either DirectX or OpenGL environments.

Cg Runtime

Cg is required to make calls to an NVIDIA Cg Runtime library that sits between the application and underlying graphics API.
GLSL – OpenGL Shading Language

GLSL replaces OpenGL Fixed Functionality with programmability in areas that have grown exceedingly complex – i.e. Vertex and Fragment processing.
OpenGL was designed as a fixed function state machine. Before OpenGL 2.0 the only way to modify OpenGL was to define extensions to it.

Prior to OpenGL 2.0 there was no way for applications to extend the functionality of OpenGL beyond what was provided by their OpenGL provider.
OpenGL’s fixed functionality pipeline:

· Vertex Transformation

· Primitive Assembly (GL_QUADS)

· Rasterization – convert it to a data set (bitmap)

· Interpolation / Texturing / Colouring

Vertex Processing

Vertex processor is a programmable unit that operates on incoming vertex values and associated data.

The vertex processor usually performs traditional graphics operations such as the following:

· Vertex transformations

· Normal transformations / normalisations

· Texture coordinate generation  / transformation

· Lighting

· Colour

Fragment Processing

Fragment processor is a programmable unit that operates on fragment values and their associated data.

The fragment processor usually performs traditional graphics operations such as the following:

· Operations on interpolated values 
· Texture access / application

· Fog

· Colour

The OpenGL Extension Wrangler Library (GLEW)

What is glew?

The OpenGL Extension Wrangler Library (GLEW) is a cross-platform open-source C/C++ extension loading library. GLEW provides efficient run-time mechanisms for determining which OpenGL extensions are supported on the target platform. OpenGL core and extension functionality is exposed in a single header file. GLEW has been tested on a variety of operating systems, including Windows, Linux, Mac OS X, FreeBSD, Irix, and Solaris. 
	


	Recommended Reading:

OpenGL Shading Language 3rd Edition

Author:
Randi J Rost

Publishers: 
Addison Wesley

ISBN-10:
0-321-33489-2


	
	


Downloading glew

http://glew.sourceforge.net/index.html
Installing glew

Check out the following URL for details of installing / building a Project with glew:

http://glew.sourceforge.net/install.html
Initialising glew

#include <GL/glew.h>
// must be included before glut.h

#include <GL/glut.h>

void main()

{


GLenum err = glewInit();

// initialise GLEW


// check if glew is supported..


if( GLEW_OK != err )


{



printf("Error: Glew is not supported\n\n");



exit(1);

}

// check if OpenGL version 2.0 is supported..


if( !glewIsSupported("GL_VERSION_2_0"))
{


printf("Error: OpenGL 2.0 is not supported\n\n");

exit(1);

}

}

Glew Resources / Examples:
OpenGL Shading Language - Orange Book (Third Edition):
http://3dshaders.com
Computer Graphics – GPU Programming with GLSL – Martin Eisemann
http://graphics.tu-bs.de/teaching/lectures/ss08/CG2/slides/07-glsl.pdf
Good beginners guide to GLSL:

http://www.lighthouse3d.com/opengl/glsl
GLSLDevil - OpenGL GLSL Debugger:

http://www.vis.uni-stuttgart.de/glsldevil/
CUDA C

Compute Unified Device Architecture

Cuda is a Parallel Computing Architecture developed by Nvidia. It first appeared in 2006 with the release of the NVidia GeForce 8800 GTX graphics card. 
Cuda is supported on all NVidia cards released after 2006

NVidia was the first company to create a language specifically designed for general purpose computing on the graphics chip. The Cuda SDK was first released to the public in 2007 

General Purpose Computing

Unlike previous generations of shaders that partition computing resources into Vertex and Pixel shaders, Cuda Architecture includes a unified shader pipeline which allows each ALU (arithmetic logic unit) on the chip to be used by a program to perform general-purpose computations.

These ALU’s were built to comply with IEEE requirements for single precision floating point arithmetic.

Cuda C

The instruction set has been tailored towards general purpose computing rather than specifically for graphics processing.

Historically general purpose computing relied on the programmer to disguise their computations in a graphics-orientated shading language such as OpenGL or DirectX.

Massively Parallel Computing

· 1.4 Billion Transistors
· Each NVidia GPU has 240 parallel cores

· Each core consists:

· Floating point unit
· Logic unit ( add, sub, mul, madd )
· Move, compare unit
· Branch unit

· Cores managed by the thread manager: 

· Thread manager can spawn and manage 12,000+ threads per core

· Zero overhead thread switching

Kernel

· The application runs its parallel parts on the GPU via kernels:

· Many threads execute the same kernel

· SIMT – Single Instruction Multiple Threads

· GPU threads are extremely lightweight

· Very little creation overhead

· Instant switching

· GPU uses 1000s of threads for efficiency
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The kernel is executed by a grid. The grid contains blocks. Each block contains threads.

· A thread block is a batch of threads that can cooperate:

· Sharing data through shared memory

· Synchronizing their execution

· Threads from different blocks operate independently

Cuda Resources / Examples:
NVidia Cuda Zone

www.nvidia.co./cuda
Recommended Reading:

‘Cuda By Example – An Introduction to General-Purpose GPU Programming’
Authors: Jason Sanders & Edward Kandrot

Addison-Wesley Professional; 1 edition (July 29, 2010)

‘Programming Massively Parallel Processors: A Hands-on Approach’
Authors: David B. Kirk & Wen-mei W. Hwu

Morgan Kaufmann Publishers Inc. 2010

So what’s the future?

	GPUs have evolved to the point where many real world applications are easily implemented on them and run significantly faster than on multi-core systems.

Future computing architectures will be hybrid systems with parallel-core GPUs working in tandem with multi-core CPUs




Jack Dongarra

Professor, University of Tennessee; Author of “Linpack”
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