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LECTURE 4 – Where do shaders fit in?
Where do Shaders fit in?
Last year we looked at various algorithms needed to draw basic primitives / shapes. 

You were required to write your own ‘software renderer’ from the ground up – i.e. without the use of highly optimised graphics API calls. These programmes were not highly optimised to take full advantage of graphics hardware.
However, this previous learning lays the foundations for shader development. 
Shaders provide the programmer with a mechanism to manipulate / control what happens at each vertex and/or pixel.

During the course of this year, we will be learning many more algorithms needed for 3D computer graphics applications – many of which can be modified to run on the GPU (graphics processing unit)

GLSL Shaders get called within your existing OpenGL code. If a shader has errors then a call to use it is ignored. In this case, OpenGL will simply resort to using the fixed function pipeline. 
Using the Shader Template

A simple program has been written to help you get ‘up and running’ with shader writing as quickly as possible.

The version of GLSL that we will cover this year is GL_VERSION_2_0. The transition from OpenGL’s fixed pipeline was carried out in this version. Later versions of OpenGL have further modified the language and its’ implementation methods.
Why are we using GL_VERSION_2_0

GL_VERSION_2_0 is fully backwards compatible. This version allows the student to extend their prior knowledge OpenGL (learned in Year 2) to include shader writing without re-learning a completely new OpenGL framework.

Later versions of OpenGL have moved further away from 1.3 and no longer support many (any) fixed pipeline functionality. 

NB> All assessment will be carried out through GL_VERSION_2_0 only. Please do feel free to experiment / read up on later versions of OpenGL. However, only work submitted that complies with GL_VERSION_2_0 will be accepted for assessment purposes.

You are encouraged to download this programme from Moodle and use it as your working template for all future development this year.

Multi-Pass Rendering

Two separate render passes have been written to facilitate shader writing / testing for full-screen special effects rendering. This approach will be used throughout the year to assess your ability to write your own special effects shaders

NB> The number of passes can be set in globals.h using the const int PASSES 

Line Equations – Quick Recap
The line equation for a straight line is:
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Where:
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For any given x interval 
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along a line, we can calculate the corresponding y interval, 
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as follows:
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Similarly, we can obtain the x interval
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, corresponding to a specified 
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Bresenham’s Line Drawing Algorithm

Bresenham’s line drawing algorithm uses only incremental integer calculations. This algorithm can be adapted to cater for curves and circles.

This is an extremely efficient algorithm




Steps:

1. Calculate 
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as follows:
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2. Calculate a starting value for the ‘decision parameter’ as follows:
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3. Calculate the decision parameter increments:
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4. Determine which end point to use as the starting point based on which x value is the smallest
5. Draw starting pixel

6. Loop through along the x and perform the following test:

if 
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, the next point to plot is: 
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else, the next point to plot is 
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Circle-generating Algorithms

A circle is defined as a set of points that are all at a given distance 
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 from a centre position 
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This equation could be used to draw points along the circumference of a circle by incrementally stepping along the 
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and calculating the corresponding 
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However, this is not the best method to use as it tends to produce an uneven distribution of points along the circumference of the circle.
A better way to eliminate the uneven spacing along the circumference is to use Polar coordinates 
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Expressing the circle in parametric polar form yields the following pair of equations:
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Symmetry

Computation can be reduced by considering the symmetry of a circle. The shape of a circle is similar in each half, quadrant, and octant. In fact there are an infinite number of lines of symmetry within a circle as long as all lines pass through the centre point.
The figure below shows how we can draw a point in one octant and map that point into the other 7 quadrants (virtually for free).
[image: image35.png]



Exercises:
1. Implement your own simple shader to draw a line that blends from a start to an end colour
2. Modify your line drawing implementation to allow banding of colours along the line – i.e. red and white ‘barbers-shop-style’ banding.
3. Provide the user with the ability to select the number of bands to render along the line (TIP> pass a uniform variable to the shader to handle the number of bands required)
4. Draw a circular colour wheel. Set the edge colour of the circle to display all colours on the colour wheel. All colours should blend from one colour to the next – i.e. red blends to green, then to blue and then to red

5. Draw a rotating square. Render all line colours based on the screen position of each pixel (Suggestion: x position denotes tone, y position denotes intensity).
Low-Level Timing

It is important to ensure each frame of your game runs at a specified frame rate. This frame rate is measured in frames-per-second (fps).

The computer has an internal clock that runs in milliseconds (1000 ticks per second). This clock can be used to query how much time has elapsed since the last swap buffer took place.

The internal clock can be queried by calling:

GetTickCount(); // unsigned long (DWORD)

printf( “%lu”, GetTickCount() );

NB> value wraps round to zero if system is run continuously for 49.7 days. If this is an issue, use GetTickCount64();

The value returned is the number of milliseconds that have elapsed since the machine was turned on.

It is necessary therefore to keep track of the following:

· currTime 
· lastTime 
· timeLapsed
The timers need initialising at the start of program execution:


// initialize game timers
lastTime = currTime = GetTickCount();

Before an update takes place, the amount of time that has elapsed needs calculating:

// get current tick count
currTime = GetTickCount();

timeLapsed = (f32)(currTime-lastTime);

// lock frame rate to 30 fps(approx)

// that’s 1000/30 = 33.333 ticks per frame
if( timeLapsed < FRAME_RATE )

{ 
// quit out of here cos 33 ticks haven’t elapsed yet



return;


}


// update lastTime with the current time
lastTime = currTime;

The exact amount of time that has elapsed since the last swap buffer occurred, is used to slurp all transformations
f32 time = (timeLapsed/FRAME_RATE);

// example.. 

pos += (velocity*time);
NB> Idle CPU is not recommended….. do not use Sleep();
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