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Part I 
Introduction

1 Assumptions

Sections I and II assume a superﬁcial familiarity with Java (Classes and Classnames), and a working knowledge of XML (Reading, Writing, and Terminology). Section III assumes a strong background in Java and XML, and a desire to learn about the internals of the eduPainter system. 

2 What is eduPainter?

eduPainter is a tool that tries to paint like real painters paint. In other words, it looks at an image, and decides what colors to use, where to place strokes, and the paths strokes should follow. 

The core algorithms for stroke placement and pathing are based on the work of Aaron Hertzmann, and have been extended to make use of more painterly techniques gathered from interviews done with real artists. 

3 Design Goals

eduPainter is created with the intent of pushing the envelope in the ﬁeld of painterly rendering. The algorithms in eduPainter are based off the work of Aaron Hertzmann, and have been extended to make use of the techniques used by real artists around the world. eduPainter also has a secondary purpose as a tool for creating digital performances and artwork. 

Some of eduPainter’s more notable features include: 

· Human-editable conﬁguration ﬁle 

· Easy extensibility 

· Arbitrary resolution output 

· Support for region mapping from an indexed image ﬁle 

· Runs anywhere that Java and lwjgl are supported

Part II 
Using eduPainter

Fundamentally, eduPainter is a simple program to use, though it may take a bit of time to learn about the options available in the conﬁguration ﬁle. 

4 System Requirements

At a bare minimum, eduPainter has the following requirements: 

· Java 5 

· nVidia video card (Tested on GeForce FX 5200 and up.) 

· GUI (This requirement may be removed at a later point)

Given this combination, all of eduPainter’s functionality will be available to you. eduPainter’s performance can be increased dramatically by adding a faster Processor, more RAM, and possibly a faster Video Card. 

5 Invoking eduPainter

eduPainter is generally invoked from the command line. Several platform-speciﬁc runscripts are provided for OS X, Linux, and Windows. They all take the same arguments: 

[script] conﬁguration-ﬁle input-image output-base

conﬁguration-ﬁle 

A path to an XML conﬁguration ﬁle that describes all of the operations that will take place in the painting process. The exact contents of the conﬁguration ﬁle are described in Section ??: Conﬁguration File Format. 

input-image 

A path to an image ﬁle that will be used as a subject for the painting process. For example: “C:\work\inputs\Cloudy_Day.png” 

output-base 

A path used to form the basis for all of the output ﬁles generated by the painting process. Speciﬁc names will be appended to this value to allow for multiple output images and dataﬁles.

6 Conﬁguration File Format

The conﬁguration ﬁle is an XML document that deﬁnes the order that things will happen in, the types of input and output ﬁles, and the parameters that affect what will occur at each stage. A single painting contains one or more output canvases, some information about the reference ﬁle, output ﬁle, background color, and optionally a default palette. The painting process is broken down into a sequence of one or more Passes. 

Each Pass contains a palette, technique, and a number of brushes equal to the number of canvases speciﬁed in the top level of the painting run. If the default palette is speciﬁed in the painting, then the Pass palette may be omitted. 

For the user-conﬁgurable parts of the conﬁguration (technique, palette, canvas, brush), pieces of Java code are loaded according to the conﬁguration ﬁle. For example, when loading a brush, <brush class=”eduPainter.toolkit.gl11.glCircularBrush”> [brush options] </brush> the type of brush to load is speciﬁed by the class attribute. Similarly, when loading a technique, <technique class="eduPainter.technique.Hertzmann"> [technique options] </technique> the type of technique to load is determined by the class attribute. 

6.1 Technique

A technique is responsible for determining the color, location, path, and shape of brush strokes. At present, only a single Technique is available, but this may change soon. The general form of a technique node is as follows, with no additional subelements. 

<technique class="[class name]" /> 

6.1.1 Default Arguments

Mat File

<mat-file>path/to/matfile.gif</brush-size> 

This element is optional. By default one is not used. If specified this path should point to an image file (gif, jpg, png, etc) that is a black and white image the same size as the reference image. The white portions of the image file specify what parts of the canvas the technique should be applied to. The technique paints no brush strokes starting on the areas marked as black.

6.1.2 eduPainter.technique.Hertzmann

<technique class=”eduPainter.technique.Hertzmann”> … </technique> 

A reimplementation of Hertzmann’s algorithm, it functions by subdividing the reference image into a grid. Based upon the amount of difference between the grid in the reference image and present canvas, the algorithm decides whether to put a stroke down. Should a stroke be put down, the algorithm chooses a path based upon the gradient present in the reference image. Hertzmann supports the following arguments: 
Brush Size

<brush-size relative=”true”>float</brush-size> 

This determines the size of the brush used to plan strokes. The size should be a ﬂoating point number greater than zero, though any ﬂoating point value will be accepted. Note that negative values may produce strange results. The brush size also determines how much the image is blurred at the start of the algorithm.
Relative Size

The relative attribute is optional, and true by default. When true, it indicates that the brush size is speciﬁed as a fraction of the input image width. When false, the brush size is considered to be speciﬁed in logical units. 

Opacity

<opacity>float 0.0-1.0</opacity> 

This overrides the stroke alpha value output by the palette. It is expected to range from 0.0 to 1.0 inclusive, with 0.0 being completely transparent and 1.0 being completely opaque. Note that values outside this range may produce strange results. 

Error Threshold

<error-threshold>float 0.0-1.0</error-threshold> 

This determines the difference necessary to warrant placing a stroke in a given grid cell. The amount of error in a grid cell is determined as the value distance between the contents of the palette used on the reference image and the proposed color. As a result, the largest possible difference of 1.0 will result from a black background against a white stroke, or white background against black stroke. A difference of 0.0 occurs when the two colors’ values are the same. Note that values greater than 1.0 will result in no strokes being drawn, while values less than 0.0 will result in strokes being drawn in every grid cell. 

Grid Size

<grid-size relative=”true”>float</grid-size> 

This determines the size of the grids that the image is subdivided into. Any ﬂoating point value is accepted, though extremely small values may lead to divide-by-zero errors or consumption of large amounts of memory. 
Relative Size 

The relative attribute is optional, and true by default. When true, the grid size is speciﬁed as a fraction of the brush size. When false, the grid size is speciﬁed in logical units. 

Blur Size

<blur-size relative=”true”>float</blur-size> 

This determines the size of the gaussian blur that is done at the start of the technique. Any ﬂoating point value is accepted, though extremely small values may lead to divide-by-zero errors or consumption of large amounts of memory. 

Relative Size 

    The relative attribute is optional, and true by default. When true, the blur size is speciﬁed as a fraction of the brush size. When false, the blur size is speciﬁed in logical units. 

Stroke Curvature

<curvature>float 0.0-1.0</curvature> 

Determines the amount of curvature in the brush strokes put down. 

Minimum Stroke Length

<min-stroke-length>integer</min-stroke-length> 

Determines the minimum stroke length as a multiple of brush size. This value should be greater than zero, and less than the Maximum Stroke Length. 

Maximum Stroke Length

<max-stroke-length>integer</max-stroke-length> 

Determines the maximum stroke length as a multiple of brush size. This value should be greater than zero, and must be greater than or equal to the Minimum Stroke Length. 

Seed

<seed>integer</seed> 

A parameter to the random number generator used to reorder strokes. 

6.1.3 eduPainter.technique.BlobAlgorithm

<technique class=”eduPainter.technique.BlobAlgorithm”> … </technique> 

A reimplementation of Hertzmann’s algorithm, it functions by subdividing the reference image into a grid. Based upon the amount of difference between the grid in the reference image and present canvas, the algorithm decides whether to put a stroke down. Should a stroke be put down, the algorithm chooses a path based upon the gradient present in the reference image. Hertzmann supports the following arguments: 

An algorithm that determines brush strokes by first dividing the painting into blobs, the BlobAlgorithm has two main parts. The first part is the marking of the blobs. This is done through seeding in regular intervals and then expanding the blobs by a pixel value threshold. The second step is in the painting of each blob. This is done by seeding Hertzmann algorithm strokes at regular intervals with an initial direction of the average gradient of the blob.
Brush Size

<brush-size relative=”true”>float</brush-size> 

This determines the size of the brush used to plan strokes. The size should be a ﬂoating point number greater than zero, though any ﬂoating point value will be accepted. Note that negative values may produce strange results. The brush size also determines how much the image is blurred at the start of the algorithm.
Relative Size

The relative attribute is optional, and true by default. When true, it indicates that the brush size is speciﬁed as a fraction of the input image width. When false, the brush size is considered to be speciﬁed in logical units. 

Opacity

<opacity>float 0.0-1.0</opacity> 

This overrides the stroke alpha value output by the palette. It is expected to range from 0.0 to 1.0 inclusive, with 0.0 being completely transparent and 1.0 being completely opaque. Note that values outside this range may produce strange results. 

Error Threshold

<error-threshold>float 0.0-1.0</error-threshold> 

This determines the difference necessary to warrant painting a blob on the canvas. The value difference between each pixel of the current canvas and the value of the color in the palette that matches the pixel in the original image are compared and then the average of the difference over the entire blob area is calculated. If this value is above the error threshold then the blob is painted.
Grid Size

<grid-size relative=”true”>float</grid-size> 

This determines the size of the intervals between each seed when determing the area each blob occupies. Any ﬂoating point value is accepted, though extremely small values may lead to divide-by-zero errors or consumption of large amounts of memory. 

Relative Size 
    The relative attribute is optional, and true by default. When true, the grid size is speciﬁed as a fraction of the brush size. When false, the grid size is speciﬁed in logical units. 

Blur Size

<blur-size relative=”true”>float</blur-size> 

This determines the size of the gaussian blur that is done at the start of the technique. Any ﬂoating point value is accepted, though extremely small values may lead to divide-by-zero errors or consumption of large amounts of memory. 

Relative Size 

    The relative attribute is optional, and true by default. When true, the blur size is speciﬁed as a fraction of the brush size. When false, the blur size is speciﬁed in logical units. 

Stroke Curvature

<curvature>float 0.0-1.0</curvature> 

Determines the amount of curvature in the brush strokes put down. 

Minimum Stroke Length

<min-stroke-length>integer</min-stroke-length> 

Determines the minimum stroke length as a multiple of brush size. This value should be greater than zero, and less than the Maximum Stroke Length. 

Maximum Stroke Length

<max-stroke-length>integer</max-stroke-length> 

Determines the maximum stroke length as a multiple of brush size. This value should be greater than zero, and must be greater than or equal to the Minimum Stroke Length. 

6.2 Palette

A palette determines the color that should be used by a stroke at a certain point on the reference image. In most cases, this is a simple remapping of input color to output color, though it may be something more esoteric such as a random offset or image distortion. 

6.2.1 Default Arguments

There are no arguments common to Palette nodes. 

6.2.2 eduPainter.palette.ClosestColorPalette
<palette class=”eduPainter.palette.ClosestColorPalette”> …</palette> 

Selects the closest color, measured by Cartesian distance, from a list of colors, or uses the all the colors contained in the specified image file. 

Palette File

<palette-ﬁle>path/to/ﬁle.gif</palette-ﬁle> 

Uses the colors in a particular image file as the listing of possible colors to match against.
Color

<color>R:int G:int B:int [A:int]</color> 

6.2.3 eduPainter.palette.ClosestHSVPalette
<palette class=”eduPainter.palette.ClosestHSVPalette”> …</palette> 

Chooses the closest HSV value in the specified list or image file, measured by Cartesian distance. If specified in a list, the channels that are specified as -1 are ignored. The values of ignored channels will be passed through from the reference image. This allows for unique effects such as quantizing the Saturation and Brightness used in the painting. If specified as an image file, all channels will be used. In addition, the weight of each channel in the Cartesian distance may be adjusted.
Palette File

<palette-ﬁle>path/to/ﬁle.gif</palette-ﬁle> 

Uses the colors in a particular image file as the listing of possible colors to match against.
HSV

<hsv>H:int S:int V:int </hsv>

Speciﬁes channels to match against. Values may be -1 if they are to be ignored. 

Weight

<weight>H-weight:ﬂoat S-weight:ﬂoat V-weight:ﬂoat </hsv>

Specifies the weight of each channel. A weight of “0 0 1” would result in just finding the color from the palette that had the closest value, while a weight of “2 1 1” would result in comparing all channels, but with the hue being considered being weighted twice as important to match (hue multiplied by 2 in the cartesian distance for difference in color).
6.2.4 eduPainter.palette.FullRangeValuePalette
<palette class=”eduPainter.palette.FullRangeValuePalette”> …</palette> 

This palette is used to get the full range of the palette matched with the full range of the source image colors. The value range of the colours in the incoming image are analyzed and then divided into groups corresponding to the palette colours. Thus, if there are 7 palette colours, the brightest 7th of all source image colors are mapped to the brightest color in the palette, etc.

Palette File

<palette-ﬁle>path/to/ﬁle.gif</palette-ﬁle> 

Uses the colors in a particular image file as the listing of possible colors to match against.
6.2.5 eduPainter.palette.GrayscalePalette
<palette class=”eduPainter.palette.GrayscalePalette” /> 

Converts the reference color to a grayscale value. This palette does not have any conﬁguration options. 

6.2.6 eduPainter.palette.HSVJitterPalette
<palette class=”eduPainter.palette.HSVJitterPalette”>…</palette> 

Adds a uniformly distributed random offset to the channels of an HSV representation of the original color. 

Hue Channel Jitter

<h>float</h> 

Scale applied to a random number which is added to the hue channel of the color. The ﬁnal result is taken modulo 360 allowing for looping around the color wheel. 

Saturation Channel Jitter

<s>float</s> 

Scale applied to a random number which is added to the saturation channel of the color. The result of this addition is clamped to the 0-100 range. 

Value/Brightness Channel Jitter

<v>float</v> 

Scale applied to a random number which is added to the value channel of the color. The result of this addition is clamped to the 0-100 range. 

6.2.7 eduPainter.palette.IndirectionPalette
<palette class=”eduPainter.palette.IndirectionPalette”>…</palette> 

Uses an image ﬁle to select from a set of one or more child palettes. Since the color values in the image are used as an indices into the list of child palettes, the number of child palettes should be equal to the number of colors in the map ﬁle. In the event that more colors are used than palettes deﬁned, the last deﬁned child palette will be used for any excess colors. In the event that more palettes are specified than colors, the excess palettes will not be used. Palettes listed will match colors in the map file in order from darkest to lightest red, green and then blue values.
Map File

<map-file>path/to/image </map-file> 

The map ﬁle deﬁnes where each child palette should be used. It must be an image having the same pixel dimensions as the reference image. The path may be speciﬁed as either a relative path to the directory that eduPainter is run from, or as an absolute path to a ﬁle anywhere on the system. 

Child Palettes

<palette class=”…”>…</palette> 

Child palettes are speciﬁed in the same manner as all other palettes. Any palette may be used as a child palette, including other IndirectionPalettes. 

6.2.8 eduPainter.palette.PortraitPalette
<palette class=”eduPainter.palette.PortraitPalette”>…</palette> 

Uses an image ﬁle to select from 5 child palettes which map to specific areas of a portrait. These areas are: background, clothes, hair, body tone and shadow. A palette folder should be specified that contains the palettes to use for each area. Also specified should be the child palette type to use for all areas.
Map File

<map-file>path/to/image</map-file> 

The areas in the map file image map to pure colors as follows: background – blue, clothes – green, hair – black, body tone – white, shadow – red. No other colors should be present in the map file. The path may be speciﬁed as either a relative path to the directory that eduPainter is run from, or as an absolute path to a ﬁle anywhere on the system.
Palette Folder

<palette-folder>path/to/palette/folder</palette-folder>

       A palette folder should be specified that contains the following images: bg.gif, clothes.gif, hair.gif, bt.gif and sh.gif. The colours in these image files are used as the palettes for each area of the portrait painting.
Child Palette
<palette class=”…”>…</palette> 

This is the type of palette that will be used in each of the 5 areas. It should be a ClosestHSVPalette, ClosestColorPalette or FullRangeValuePalette, which will allow use of the palettes in the palette folder. Do not specify a <palette-file> element for any choice of these palettes as the portrait palette uses the palettes in the specififed folder. If this child palette type is not specified then the ClosestHSVPalette with no weight element is used.
6.2.9 eduPainter.palette.OneColorPalette
<palette class=”eduPainter.palette.OneColorPalette”>…</palette> 

This is a simple palette that always returns a single palette, and is best used for debugging. 

Output Color

<color>R:int G:int B:int [A:int]</color> 

This is a required argument that determines the RGB color to output. This takes at least three int  values ranging from 0 to 255, with an optional Alpha component, and possibly more values if desired. It is possible to use values that lie beyond the 0-255 range, though the effects may be unpredictable. 

6.2.10 eduPainter.palette.OriginalColorPalette
<palette class=”eduPainter.palette.OriginalColorPalette” /> 

This palette is a simple passthrough, returning the colors of the reference image. This palette does not have any conﬁguration options. 

6.3 Canvas

Canvases are generally drawing surfaces that can recieve brush strokes from brushes belonging to the same toolkit. 

6.3.1 Default Arguments

Canvas Name

<name>String</name> 

A name to be appended to the output ﬁle belonging to this canvas. 

Resolution

<resolution relative=”false”>float</resolution> 

Determines the resolution used by the canvas. 

    Relative Size The relative attribute is optional, and false by default. When true, it indicates that the canvas resolution is specified as a multiple of the default resolution. The default resolution may be specified in the configuration file or if not, it is a default 100.
6.3.2 eduPainter.canvas.FloatPlaneCanvas

<canvas class=”eduPainter.canvas.FloatPlaneCanvas”>…</canvas> 

This canvas is the common interchange format used within the eduPainter system. It supports an arbitrary number of planes with unclamped ﬂoating-point precision. As such, it enables eduPainter to work with a wide range of colors, color types, and (eventually) draw with the brightness of the sun itself. 

Presently, there are no brushes capable of drawing directly to a FloatPlaneCanvas, though it is possible to add new toolkits capable of doing so. 

Number of Planes

<planes>integer</planes> 

Represents the number of color components in the canvas. This value is typically 3 or 4, for RGB or RGBA color. Concievably, a higher value such as 7 planes could be used to carry a precomputed YUV representation of the RGB data for a Palette or technique to work with. 

6.3.3 eduPainter.canvas.IntegerPlaneCanvas

This canvas does not support loading from an XML conﬁguration ﬁle, and should never be manually instantiated. 

The IntegerPlaneCanvas is used internally to store integer values such as those out of an indexed image. It is primarily used by the IndirectionPalette to do decision making based upon user-generated maps. 

6.3.4 eduPainter.toolkit.gl11.glCanvas

<canvas class=”eduPainter.toolkit.gl11.glCanvas”>…</canvas> 

Uses OpenGL to draw strokes and manage transparency support. This canvas has no arguments beyond the canvas defaults. 

6.3.5 eduPainter.toolkit.painter9.Painter95Output

<canvas class=”eduPainter.toolkit.painter9.Painter95Output”>…</canvas> 

Writes a Painter 9.5 compatible script to a temp ﬁle and then copies to an output .p95 ﬁle when told to save. This canvas has no arguments beyond the canvas defaults. 

6.4 Brush

6.4.1 Default Arguments

Every brush must support the following conﬁguration parameters. 

Brush Size

<size relative=”true”>float</size> 

Determines the size of the brush being painted with. Generally, the size parameter is taken to deﬁne the brush’s diameter in logical units, though some brushes may choose to interpret the value differently. For example, a sound-based brush may consider it to refer to a sound’s amplitude in decibels, or frequency in hertz. 

Relative Size

The relative attribute is optional, and true by default. When true, it indicates that the brush size is speciﬁed as a fraction of the input image width. When false, the brush size is considered to be speciﬁed in logical units. 

6.4.2 eduPainter.toolkit.gl11.glBackgroundTexture

This brush draws a textured quadrilateral at the beginning of the stroke path, with the texture colors modulated by the stroke color. Typically, this brush would be used for placing sprites into the image. 

Texture File

<texture>path/to/imageFile</texture> 

The image ﬁle to use as the quadrilateral’s texture. 

Texture Resolution

<resolution>float</resolution> 

Optional tag, which defaults to 72, determining the resolution at which the texture is interpreted. 

6.4.3 eduPainter.toolkit.gl11.glCirclesAccel

<brush class=”eduPainter.toolkit.gl11.glCirclesAccel”>…</brush> 

Draws a circle at the beginning of stroke paths. In order to speed drawing, circle geometry is cached. This brush does not have any conﬁguration options beyond the common brush arguments. 

6.4.4 eduPainter.toolkit.gl11.glCircularBrush

<brush class=”eduPainter.toolkit.gl11.glCircularBrush”>…</brush> 

Drags a circle along the stroke path. It is presently the most commonly used brush in the gl11 toolkit. This brush does not have any conﬁguration options beyond the common brush arguments. 

6.4.5 eduPainter.toolkit.gl11.glCircularBrushAccel

<brush class=”eduPainter.toolkit.gl11.glCircularBrushAccel”>…</brush> 

Identical to glCircularBrush with the exception that strokes are cached in memory, reducing the time required to draw very large paintings or paintings with very many strokes. 

Note that due to a bug
, images with several hundred thousand strokes may cause this brush to consume signiﬁcantly more memory than expected. If this is the case, revert to glCircularBrush. 

6.4.6 eduPainter.toolkit.gl11.glLineBrush

<brush class=”eduPainter.toolkit.gl11.glLineBrush”>…</brush> 

Draws a thick line along the stroke path. This brush does not have any conﬁguration options beyond the common brush arguments. 

6.4.7 eduPainter.toolkit.painter9.Painter95Brush

<brush class=”eduPainter.toolkit.painter9.Painter95Brush”>…</brush> 

Adds entries for each stroke to the output script ﬁle. This brush does not have any conﬁguration options beyond the common brush arguments. 
6.5 Output

<output>...</output>

File Extension

<file-extension>jpg/png/bmp...etc</file-extension>

The extension that the saved image should have.
File Type

<file-type>jpg/png/bmp...etc</file-type>

The MIME type of the image to output.
Image Debug

<image-debug>true/false</image-debug>

If true then the blob map for each pass is outputted as well as images with the strokes from each single pass.
Part III 
Extending eduPainter

If you are a programmer, you may feel the need to add new functionality to eduPainter, or perhaps just modify something to ﬁt your needs. 

Adding new functionality is quite a simple two-step process. Firstly, creation of the functionality is achieved by implementing the relevant interfaces described in the following chapters. Simply add your jar or output directory to the classpath deﬁned in the runscripts, and your new functionality will be at your disposal.
 

7 Utility Framework

Before discussing the things that make eduPainter paint, the supporting structure and utilities should be examined. 

7.1 Common Terms

Reference 

The original source image that eduPainter looks at and will attempt to mimic. 

Canvas 

A surface that is generally drawn on with a brush or other implement of pigmentation. 

Resolution 

The number of pixels that make one logical unit of distance. 

Logical Unit 

A unitary measure of distance adopted since the measurement unit being operated in is irrelevant. Logical units could correspond to inches, pixels, millimetres, or miles, and it should have minimal impact on the system. 

Color 

Most commonly a 3-tuple or 4-tuple of ﬂoats representing an RGB or RGBA color. The ﬂoats will typically range from 0 to 1, though the full range of ﬂoats may be used in cases where HDR is being used. It is possible that a color may contain more than four channels that are to be handled specially by anything that uses them. When possible, all channels of a color should be kept and output, though RGB should be preserved in all cases.

7.2 Program Life Cycle

Once the eduPainter is invoked (see eduPainter.control.XMLRunner), it reads the reference image and loads the conﬁguration ﬁle. Based upon the contents of the conﬁguration ﬁle, it decides which classes to load and gives them the appropriate data required to properly instantiate. Once instantiated, the objects then initialize themselves based on the conﬁguration data beneath their conﬁguration node. All of the objects that are instantiated are grouped together into passes, which are sequentially executed. Once all of the passes are complete, the output is then saved to output ﬁles having a base name as speciﬁed on the command line. 

7.3 XML Conﬁguration

Nearly all aspects of the system are modular, and much of the class selection is performed at runtime. To facilitate this, a simple XML-based persistence framework has been implemented. Java’s existing persistence frameworks were deemed unsuitable as the XML required was not sufficiently human-friendly, too many additional support classes needed to be created, and it would likely prove difficult or error-prone to create XSLT stylesheets to transform simple conﬁguration ﬁles into the complex ones required by the built-in XML deserialization tools. 

The XML conﬁguration ﬁles themselves are fairly simple. They do not adhere to any particular schema at present, as the addition of namespaces would greatly detract from the readability of the conﬁguration ﬁle. 

7.3.1 Loadable

Once objects are instantiated, the initialization process is handed off to the Loadable interface, initFromXML(Element configRoot). This method returns a fully initialized object that has the properties deﬁned in a subsection of the conﬁguration ﬁle. The returned object may be a completely new object if a custom constructor needs to be called, or may be simply a mutated version of the original instance. Any code that deals with the Loadable interface must account for this fact. 

7.3.2 Savable

The Savable interface provides functionality for outputting an XML DOM tree that represents the settings needed to recreate an object when fed back into the Loadable interface. 

8 Painting Framework

As mentioned earlier, eduPainter is broken down into several functional parts, each responsible for a certain aspect of the painting process. For organizational purposes, a single Run is broken down into several Passes. The contents of the passes are designed with modiﬁcation and extension in mind. 

8.1 Stroke

A combination of a parametric path, color, and possibly additional stylistic information. Strokes deﬁne exactly what kind of a mark that brushes should make on a canvas. 

8.2 Technique

The sole purpose of a Technique is to take a reference image and canvas and generate a list of strokes to apply to a canvas. The strokelist is passed to all of the active canvases, which are rendered with their associated brushes. 

8.3 Palette

Palettes are responsible in part for determining which color should be used for a stroke that starts at a given point. The active Technique may choose to override the color produced by a palette, though it would be rather self-defeating to do so. 

Palettes are expected to communicate RGB/RGBA ﬂoating point color, though they may do their work in any colorspace internally. Furthermore, they may must be prepared to deal with channel values beyond the 0-1 range. 

8.4 Toolkit

In order to facilitate extensibility, Brushes and Canvases are grouped together to form toolkits. Generally, toolkits are not interoperable with one another on the grounds that they provide functionality impossible to implement in terms of each other. For example, a toolkit designed for drawing pixels onto a raster will be completely incompatible with a toolkit that uses a mechanical painting arm to apply paint to a real canvas. From an implementation standpoint, the nature of the coupling between brush and canvas is completely up to the designer. 

All of the toolkits present in the system demonstrate radically different approaches to drawing strokes. For example, the gl11 toolkit uses a lazy rendering scheme that caches Brush+Stroke combinations until snapshots are taken, whereas the painter9 toolkit immediately appends a representation of the stroke to a temporary script ﬁle for later saving. 

8.5 Brush

Simply a tool for making marks on a canvas 

8.6 Canvas

�	 The bug in question is caused by overhead from the host operating system’s memory allocation procedure, which typically allocates in pages of four or eight kilobytes. As a result of the allocation size, a 1.5kB stroke winds up occupying a full 4kB, meaning that memory is exhausted in half the strokes that would normally be able to be rendered.


�	 This process will be made more modular in the future, perhaps allowing for the speciﬁcation of additional .jars in the conﬁg ﬁle.





