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What We Will Discuss Today

• A quick introduction to Core Image
• Getting started with Core Image
• Using Core Image efficiently
• Writing CIFilters
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A Quick Introduction to Core Image
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Core Image in Use

Dashboard ripple effectEffects in iChatEffects in Photo BoothiPhoto and ApertureCool screen savers
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Meet Core Image

• Filter kernels are written 
architecture-independent 
■ Language is C-like
■ Has vector types
■ Is a subset of OpenGL shading 
language

• Core Image can execute filters on 
GPU or multicore CPU as desired

• Leverages OpenGL and/or OpenCL
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Basic Concept
Filters perform per pixel operations on an image

Original Sepia Tone applied

The final result is a new image

Sepia
Filter
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Filters can be chained together
Basic Concept

Sepia Tone + Hue AdjustSepia Tone appliedOriginal

Sepia
Filter

Hue 
Adjust
Filter

This allows for complex effects
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Sepia
Filter

Filters can be concatenated
Basic Concept

Hue 
Adjust
Filter

This reduces intermediate buffers

Sepia Tone + Hue AdjustOriginal
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Complex filter trees are supported
Basic Concept

Core Image will optimize

Filter

Filter

Filter

Filter

Another
ImageOriginal Complex Adjustments
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Built-in Filters
4 Geometry adjustments

12 Distortion effects

7 Blurs

2 Sharpens

6 Color adjustments

10 Color effects

5 Halftone effects

15 Tile effects

7 Generators

9 Transitions

22 Composite operations

15 Stylize

8 Reduction operations and more
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Core Image Optimizes Your Rendering Tree

• Runtime contains a just-in-time optimizing compiler
■ Optimization is deferred until draw time
■ Evaluates just-what’s-needed to display
■ Tiles large images

• Performs optimizations that general compilers can’t
■ Concatenates sequential matrix operations 
■ Concatenates sequential alpha-premul/alpha-unpremul
■ Reorders scale operations if possible
■ Only does color management when needed

• Optimization improves performance and precision
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Getting Started with Core 
Image
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The Cast:

• CIFilter:  
■ A mutable object that represents an effect
■ Has image or numeric input parameters
■ Produces one output image based on current inputs

• CIImage: 
■ An immutable object that represents the recipe for an image
■ Can represent a file from disk or the output of a CIFilter

• CIContext: 
■ A destination where Core Image should draw results
■ Can be based on an OpenGL or Core Graphics Context
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A Play In Four Acts:

Create a CIImage object
image = [CIImage imageWithContentsOfURL: myURL];

Create a CIFilter object 
filter = [CIFilter filterWithName: @"CISepiaTone"];
[filter setValue: image forKey: kCIInputImageKey];
[filter setValue: [NSNumber numberWithFloat: 0.8f] forKey: kCIInputIntensityKey];

Create a CIContext object
context = [CIContext contextWithCGContext: cgcontext options: nil];

Draw the filter output image into the context
result = [filter valueForKey: kCIOutputImageKey];
[context drawImage: result atPoint: CGPointZero fromRect: [result extent]];
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CIImage* image = [CIImage imageWithContentsOfURL: myURL];

image = [[[CIFilter filterWithName:@"CISepiaTone" keysAndValues:
kCIInputImageKey, image, 
kCIInputIntensityKey, [NSNumber numberWithFloat:0.8f], nil]

valueForKey:kCIOutputImageKey];

image = [[[CIFilter filterWithName:@"CIHueAdjust" keysAndValues:
kCIInputImageKey, image, 
kCIInputAngleKey, [NSNumber numberWithFloat:1.57], nil]

valueForKey:kCIOutputImageKey];

[context drawImage:image atPoint:CGPointZero fromRect:[image extent]];

All Together Now:
Just a few lines of Core Image code...

16



CGLQueryRendererInfo(2, 0x00000000, 0);
CGLDescribeRenderer(0x00246210, 0, kCGLRPRendererID);
CGLChoosePixelFormat({kCGLPFAColorSize, 32, kCGLPFANoRecovery, kCGLPFAAccelerated, 96, kCGLPFARendererID, 16918024}, 0x13c398a0, 1);
CGLCreateContext(0x13c398a0, 0x00000000, 0x00825800);
CGLSetSurface(0x00825800, {20, 42, 1024, 1024}, {0, 0, 1024, 1024});
glScissor(0, 0, 1024, 1024);
glViewport(0, 0, 1024, 1024);
glViewport(0, 0, 1024, 1024);
glMatrixMode(GL_PROJECTION);
glLoadIdentity();
glOrtho(0, 1024, 0, 1024, -1, 1);
glMatrixMode(GL_MODELVIEW);
glLoadIdentity();
glClearColor(0, 0, 0, 0);
glClear(GL_COLOR_BUFFER_BIT);
glGetString(GL_RENDERER);
glGetString(GL_VERSION);
CGLGetVirtualScreen(0x00825800);
CGLGetVirtualScreen(0x00825800);
CGLQueryRendererInfo(2, 0x000cb820, -1730100884);
CGLDescribeRenderer(0x13c2cae0, 0, kCGLRPAccelerated);
CGLDescribeRenderer(0x13c2cae0, 0, kCGLRPVideoMemory);
CGLDescribeRenderer(0x13c2cae0, 1, kCGLRPAccelerated);
CGLDestroyRendererInfo(0x13c2cae0);
glGetFloatv(GL_MAX_VIEWPORT_DIMS, 0xbffff148);
glGetFloatv(GL_MAX_RECTANGLE_TEXTURE_SIZE_EXT, 0xbffff184);
glGetIntegerv(GL_MAX_3D_TEXTURE_SIZE, 0x00246b40);
glGetString(GL_VERSION);
glGetString(GL_EXTENSIONS);
glGetString(GL_RENDERER);
glGetProgramivARB(GL_VERTEX_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_PARAMETERS_ARB, 0xbffff178);
glGetProgramivARB(GL_VERTEX_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_TEMPORARIES_ARB, 0xbffff170);
glGetProgramivARB(GL_VERTEX_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_ATTRIBS_ARB, 0xbffff174);
glGetProgramivARB(GL_VERTEX_PROGRAM_ARB, GL_MAX_PROGRAM_LOCAL_PARAMETERS_ARB, 0xbffff16c);
glGetProgramivARB(GL_VERTEX_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_INSTRUCTIONS_ARB, 0xbffff168);
glGetProgramivARB(GL_VERTEX_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_ALU_INSTRUCTIONS_ARB, 0xbffff164);
glGetProgramivARB(GL_VERTEX_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_TEX_INSTRUCTIONS_ARB, 0xbffff160);
glGetProgramivARB(GL_VERTEX_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_TEX_INDIRECTIONS_ARB, 0xbffff15c);
glGetIntegerv(GL_MAX_TEXTURE_COORDS_ARB, 0xbffff154);
glGetIntegerv(GL_MAX_TEXTURE_IMAGE_UNITS_ARB, 0xbffff158);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_PARAMETERS_ARB, 0xbffff178);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_TEMPORARIES_ARB, 0xbffff170);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_ATTRIBS_ARB, 0xbffff174);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_MAX_PROGRAM_LOCAL_PARAMETERS_ARB, 0xbffff16c);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_INSTRUCTIONS_ARB, 0xbffff168);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_ALU_INSTRUCTIONS_ARB, 0xbffff164);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_TEX_INSTRUCTIONS_ARB, 0xbffff160);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_MAX_PROGRAM_NATIVE_TEX_INDIRECTIONS_ARB, 0xbffff15c);
glGetIntegerv(GL_MAX_TEXTURE_COORDS_ARB, 0xbffff154);
glGetIntegerv(GL_MAX_TEXTURE_IMAGE_UNITS_ARB, 0xbffff158);
CGLGetVirtualScreen(0x00825800);
CGLGetVirtualScreen(0x00825800);
glGetString(GL_EXTENSIONS);
glGetFloatv(GL_MAX_RECTANGLE_TEXTURE_SIZE_EXT, 0x001fc014);
CGLGetVirtualScreen(0x00825800);
CGLGetVirtualScreen(0x00825800);
/* begin timing iteration 0 */

CGLGetVirtualScreen(0x00825800);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFAVirtualScreenCount);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFANoRecovery);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFARendererID);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFAAccelerated);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFADisplayMask);
CGLDescribePixelFormat(0x13c398a0, 0, 96);
CGLChoosePixelFormat({kCGLPFAMinimumPolicy, kCGLPFAColorSize, 32, kCGLPFARendererID, 16918024, kCGLPFADisplayMask, 3, kCGLPFANoRecovery, 
kCGLPFAAccelerated, 96}, 0x156d81f0, 1);
CGLCreateContext(0x156d81f0, 0x00825800, 0x008b0600);
CGLGetVirtualScreen(0x00825800);
CGLSetVirtualScreen(0x008b0600, 0);
CGLDisable(0x008b0600, kCGLCESwapLimit);
glDisable(GL_ALPHA_TEST);
glDisable(GL_DEPTH_TEST);
glDisable(GL_SCISSOR_TEST);
glDisable(GL_BLEND);
glBlendFunc(GL_ONE, GL_ONE_MINUS_SRC_ALPHA);
glDisable(GL_DITHER);
glDisable(GL_CULL_FACE);
glColorMask(GL_TRUE, GL_TRUE, GL_TRUE, GL_TRUE);
glDepthMask(GL_FALSE);
glStencilMask(0);
glClearColor(0, 0, 0, 0);
glMatrixMode(GL_MODELVIEW);
glLoadIdentity();
glTexEnvi(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_REPLACE);
CGLGetVirtualScreen(0x008b0600);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFAVirtualScreenCount);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFANoRecovery);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFARendererID);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFAAccelerated);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFADisplayMask);
CGLDescribePixelFormat(0x13c398a0, 0, 96);
CGLChoosePixelFormat({kCGLPFAMinimumPolicy, kCGLPFAColorSize, 64, kCGLPFAColorFloat, kCGLPFARendererID, 16918024, kCGLPFADisplayMask, 3, 
kCGLPFANoRecovery, kCGLPFAAccelerated, 96}, 0x13c271c0, 1);
CGLCreateContext(0x13c271c0, 0x00825800, 0x02027e00);
CGLGetVirtualScreen(0x00825800);
CGLSetVirtualScreen(0x02027e00, 0);
CGLDisable(0x02027e00, kCGLCESwapLimit);
glDisable(GL_ALPHA_TEST);
glDisable(GL_DEPTH_TEST);
glDisable(GL_SCISSOR_TEST);
glDisable(GL_BLEND);
glBlendFunc(GL_ONE, GL_ONE_MINUS_SRC_ALPHA);
glDisable(GL_DITHER);
glDisable(GL_CULL_FACE);
glColorMask(GL_TRUE, GL_TRUE, GL_TRUE, GL_TRUE);
glDepthMask(GL_FALSE);
glStencilMask(0);
glClearColor(0, 0, 0, 0);
glMatrixMode(GL_MODELVIEW);
glLoadIdentity();
glTexEnvi(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_REPLACE);
CGLGetVirtualScreen(0x02027e00);
glGenProgramsARB(1, 0x00616fe4);
glGetProgramivARB(GL_VERTEX_PROGRAM_ARB, GL_PROGRAM_BINDING_ARB, 0xbfffa99c);
glBindProgramARB(GL_VERTEX_PROGRAM_ARB, 1);
glProgramStringARB(GL_VERTEX_PROGRAM_ARB, GL_PROGRAM_FORMAT_ASCII_ARB, 352, 0x02020c00);
glGetIntegerv(GL_PROGRAM_ERROR_POSITION_ARB, 0xbfffaafc);
glGenProgramsARB(1, 0x00616fe8);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_BINDING_ARB, 0xbfffa99c);
glBindProgramARB(GL_FRAGMENT_PROGRAM_ARB, 2);
glProgramStringARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_FORMAT_ASCII_ARB, 594, 0x0184f400);
glGetIntegerv(GL_PROGRAM_ERROR_POSITION_ARB, 0xbfffaafc);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_PARAMETERS_ARB, 0xbfffaaec);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEMPORARIES_ARB, 0xbfffaae4);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_ATTRIBS_ARB, 0xbfffaae8);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_INSTRUCTIONS_ARB, 0xbfffaae0);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_ALU_INSTRUCTIONS_ARB, 0xbfffaadc);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEX_INSTRUCTIONS_ARB, 0xbfffaad8);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEX_INDIRECTIONS_ARB, 0xbfffaad4);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_UNDER_NATIVE_LIMITS_ARB, 0xbfffaaf8);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_INSTRUCTIONS_ARB, 0xbfffaad4);
glGenProgramsARB(1, 0x00616d64);
glBindProgramARB(GL_VERTEX_PROGRAM_ARB, 3);
glProgramStringARB(GL_VERTEX_PROGRAM_ARB, GL_PROGRAM_FORMAT_ASCII_ARB, 352, 0x01844800);
glGetIntegerv(GL_PROGRAM_ERROR_POSITION_ARB, 0xbfffabac);
glGenProgramsARB(1, 0x00616d68);
glBindProgramARB(GL_FRAGMENT_PROGRAM_ARB, 4);
glProgramStringARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_FORMAT_ASCII_ARB, 1297, 0x01017800);
glGetIntegerv(GL_PROGRAM_ERROR_POSITION_ARB, 0xbfffabac);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_PARAMETERS_ARB, 0xbfffab9c);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEMPORARIES_ARB, 0xbfffab94);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_ATTRIBS_ARB, 0xbfffab98);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_INSTRUCTIONS_ARB, 0xbfffab90);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_ALU_INSTRUCTIONS_ARB, 0xbfffab8c);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEX_INSTRUCTIONS_ARB, 0xbfffab88);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEX_INDIRECTIONS_ARB, 0xbfffab84);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_UNDER_NATIVE_LIMITS_ARB, 0xbfffaba8);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_INSTRUCTIONS_ARB, 0xbfffab84);
glGenProgramsARB(1, 0x00616ae4);
glBindProgramARB(GL_VERTEX_PROGRAM_ARB, 5);
glProgramStringARB(GL_VERTEX_PROGRAM_ARB, GL_PROGRAM_FORMAT_ASCII_ARB, 352, 0x01837800);
glGetIntegerv(GL_PROGRAM_ERROR_POSITION_ARB, 0xbfffac5c);
glGenProgramsARB(1, 0x00616ae8);
glBindProgramARB(GL_FRAGMENT_PROGRAM_ARB, 6);
glProgramStringARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_FORMAT_ASCII_ARB, 1671, 0x02067a00);
glGetIntegerv(GL_PROGRAM_ERROR_POSITION_ARB, 0xbfffac5c);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_PARAMETERS_ARB, 0xbfffac4c);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEMPORARIES_ARB, 0xbfffac44);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_ATTRIBS_ARB, 0xbfffac48);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_INSTRUCTIONS_ARB, 0xbfffac40);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_ALU_INSTRUCTIONS_ARB, 0xbfffac3c);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEX_INSTRUCTIONS_ARB, 0xbfffac38);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEX_INDIRECTIONS_ARB, 0xbfffac34);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_UNDER_NATIVE_LIMITS_ARB, 0xbfffac58);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_INSTRUCTIONS_ARB, 0xbfffac34);
glGenProgramsARB(1, 0x00616864);
glBindProgramARB(GL_VERTEX_PROGRAM_ARB, 7);
glProgramStringARB(GL_VERTEX_PROGRAM_ARB, GL_PROGRAM_FORMAT_ASCII_ARB, 354, 0x01844000);
glGetIntegerv(GL_PROGRAM_ERROR_POSITION_ARB, 0xbfffad0c);
glGenProgramsARB(1, 0x00616868);
glBindProgramARB(GL_FRAGMENT_PROGRAM_ARB, 8);
glProgramStringARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_FORMAT_ASCII_ARB, 1843, 0x01852c00);
glGetIntegerv(GL_PROGRAM_ERROR_POSITION_ARB, 0xbfffad0c);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_PARAMETERS_ARB, 0xbfffacfc);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEMPORARIES_ARB, 0xbfffacf4);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_ATTRIBS_ARB, 0xbfffacf8);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_INSTRUCTIONS_ARB, 0xbfffacf0);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_ALU_INSTRUCTIONS_ARB, 0xbfffacec);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEX_INSTRUCTIONS_ARB, 0xbffface8);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEX_INDIRECTIONS_ARB, 0xbffface4);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_UNDER_NATIVE_LIMITS_ARB, 0xbfffad08);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_INSTRUCTIONS_ARB, 0xbffface4);
glGenProgramsARB(1, 0x006165e4);
glBindProgramARB(GL_VERTEX_PROGRAM_ARB, 9);
glProgramStringARB(GL_VERTEX_PROGRAM_ARB, GL_PROGRAM_FORMAT_ASCII_ARB, 354, 0x01803a00);
glGetIntegerv(GL_PROGRAM_ERROR_POSITION_ARB, 0xbfffadbc);
glGenProgramsARB(1, 0x006165e8);
glBindProgramARB(GL_FRAGMENT_PROGRAM_ARB, 10);
glProgramStringARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_FORMAT_ASCII_ARB, 2055, 0x01842600);
glGetIntegerv(GL_PROGRAM_ERROR_POSITION_ARB, 0xbfffadbc);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_PARAMETERS_ARB, 0xbfffadac);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEMPORARIES_ARB, 0xbfffada4);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_ATTRIBS_ARB, 0xbfffada8);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_INSTRUCTIONS_ARB, 0xbfffada0);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_ALU_INSTRUCTIONS_ARB, 0xbfffad9c);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEX_INSTRUCTIONS_ARB, 0xbfffad98);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_TEX_INDIRECTIONS_ARB, 0xbfffad94);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_UNDER_NATIVE_LIMITS_ARB, 0xbfffadb8);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_NATIVE_INSTRUCTIONS_ARB, 0xbfffad94);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFAVirtualScreenCount);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFANoRecovery);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFARendererID);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFAAccelerated);
CGLDescribePixelFormat(0x13c398a0, 0, kCGLPFADisplayMask);
CGLDescribePixelFormat(0x13c398a0, 0, 96);
CGLChoosePixelFormat({kCGLPFAMinimumPolicy, kCGLPFAColorSize, 128, kCGLPFAColorFloat, kCGLPFARendererID, 16918024, kCGLPFADisplayMask, 3, 
kCGLPFANoRecovery, kCGLPFAAccelerated, 96}, 0x13c443b0, 1);
CGLCreateContext(0x13c443b0, 0x00825800, 0x01838600);
CGLGetVirtualScreen(0x00825800);
CGLSetVirtualScreen(0x01838600, 0);
CGLDisable(0x01838600, kCGLCESwapLimit);
glDisable(GL_ALPHA_TEST);
glDisable(GL_DEPTH_TEST);
glDisable(GL_SCISSOR_TEST);
glDisable(GL_BLEND);
glBlendFunc(GL_ONE, GL_ONE_MINUS_SRC_ALPHA);
glDisable(GL_DITHER);
glDisable(GL_CULL_FACE);
glColorMask(GL_TRUE, GL_TRUE, GL_TRUE, GL_TRUE);
glDepthMask(GL_FALSE);
glStencilMask(0);
glClearColor(0, 0, 0, 0);
glMatrixMode(GL_MODELVIEW);
glLoadIdentity();
glTexEnvi(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_REPLACE);
CGLGetVirtualScreen(0x01838600);
glGetIntegerv(GL_BLEND, 0x01801f78);
glGetIntegerv(GL_BLEND_SRC, 0x01801f7c);
glGetIntegerv(GL_BLEND_DST, 0x01801f80);
glGetIntegerv(GL_BLEND_EQUATION, 0x01801f84);
glGetIntegerv(GL_MAX_TEXTURE_UNITS, 0xbfffa73c);
glGetIntegerv(GL_MAX_TEXTURE_IMAGE_UNITS_ARB, 0xbfffa73c);
glGetIntegerv(GL_ACTIVE_TEXTURE, 0xbfffa73c);
glGetIntegerv(GL_TEXTURE_BINDING_RECTANGLE_ARB, 0xbfffa74c);
glGenTextures(16, 0x156010fc);
glGetIntegerv(GL_UNPACK_SWAP_BYTES, 0xbfffa698);
glGetIntegerv(GL_UNPACK_LSB_FIRST, 0xbfffa69c);
glGetIntegerv(GL_UNPACK_ROW_LENGTH, 0xbfffa6a0);
glGetIntegerv(GL_UNPACK_IMAGE_HEIGHT, 0xbfffa6a4);
glGetIntegerv(GL_UNPACK_SKIP_PIXELS, 0xbfffa6a8);
glGetIntegerv(GL_UNPACK_SKIP_IMAGES, 0xbfffa6ac);
glGetIntegerv(GL_UNPACK_SKIP_ROWS, 0xbfffa6b0);
glGetIntegerv(GL_UNPACK_SKIP_IMAGES, 0xbfffa6b4);
glGetIntegerv(GL_UNPACK_ALIGNMENT, 0xbfffa6b8);
glGetIntegerv(GL_UNPACK_CLIENT_STORAGE_APPLE, 0xbfffa6bc);
glPixelStorei(GL_UNPACK_SWAP_BYTES, 0);
glPixelStorei(GL_UNPACK_LSB_FIRST, 0);
glPixelStorei(GL_UNPACK_ROW_LENGTH, 1024);
glPixelStorei(GL_UNPACK_IMAGE_HEIGHT, 1024);
glPixelStorei(GL_UNPACK_SKIP_PIXELS, 0);
glPixelStorei(GL_UNPACK_SKIP_ROWS, 0);
glPixelStorei(GL_UNPACK_SKIP_IMAGES, 0);
glPixelStorei(GL_UNPACK_ALIGNMENT, 8);
glPixelStorei(GL_UNPACK_CLIENT_STORAGE_APPLE, 1);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 1);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03559000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03559000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 2);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03559000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03559400);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 3);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03559000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03559800);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 4);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03559000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03559c00);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 5);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03659000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03659000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 6);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03659000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03659400);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 7);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03659000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03659800);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 8);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03659000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03659c00);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 9);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03759000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03759000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 10);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03759000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03759400);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 11);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03759000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03759800);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 12);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03759000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03759c00);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 13);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03859000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03859000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 14);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03859000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03859400);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 15);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03859000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03859800);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 16);
glTextureRangeAPPLE(GL_TEXTURE_RECTANGLE_ARB, 1048576, 0x03859000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_STORAGE_HINT_APPLE, GL_STORAGE_CACHED_APPLE);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 256, 256, 0, GL_BGRA, GL_UNSIGNED_INT_8_8_8_8_REV, 0x03859c00);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
glPixelStorei(GL_UNPACK_SWAP_BYTES, 0);
glPixelStorei(GL_UNPACK_LSB_FIRST, 0);
glPixelStorei(GL_UNPACK_ROW_LENGTH, 0);
glPixelStorei(GL_UNPACK_IMAGE_HEIGHT, 0);
glPixelStorei(GL_UNPACK_SKIP_PIXELS, 0);
glPixelStorei(GL_UNPACK_SKIP_IMAGES, 0);
glPixelStorei(GL_UNPACK_SKIP_ROWS, 0);
glPixelStorei(GL_UNPACK_SKIP_IMAGES, 0);
glPixelStorei(GL_UNPACK_ALIGNMENT, 4);
glPixelStorei(GL_UNPACK_CLIENT_STORAGE_APPLE, 0);
CGLGetVirtualScreen(0x00825800);
CGLSetVirtualScreen(0x008b0600, 0);
glDisable(GL_BLEND);
glGetIntegerv(GL_MAX_TEXTURE_UNITS, 0xbfffa6fc);
glGetIntegerv(GL_MAX_TEXTURE_IMAGE_UNITS_ARB, 0xbfffa6fc);
glGetIntegerv(GL_ACTIVE_TEXTURE, 0xbfffa6fc);
glGenProgramsARB(1, 0x01801f5c);
glGetProgramivARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_BINDING_ARB, 0xbfffa69c);
glBindProgramARB(GL_FRAGMENT_PROGRAM_ARB, 11);
glProgramStringARB(GL_FRAGMENT_PROGRAM_ARB, GL_PROGRAM_FORMAT_ASCII_ARB, 103, 0x9906330c);
glIsEnabled(GL_FRAGMENT_PROGRAM_ARB); returns: GL_FALSE 
glEnable(GL_FRAGMENT_PROGRAM_ARB);
glIsEnabled(GL_VERTEX_PROGRAM_ARB); returns: GL_FALSE 
glGetIntegerv(GL_TEXTURE_BINDING_RECTANGLE_ARB, 0xbfffa58c);
glGenTextures(1, 0x000fec5c);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 17);
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB, 0, GL_RGBA8, 1101, 1101, 0, GL_RGBA, GL_UNSIGNED_INT_8_8_8_8, 0x00000000);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 0);
CGLSetVirtualScreen(0x008b0600, 0);
glGenFramebuffersEXT(1, 0x13c2a200);
glBindFramebufferEXT(GL_FRAMEBUFFER_EXT, 1);
glFramebufferTexture2DEXT(GL_FRAMEBUFFER_EXT, GL_COLOR_ATTACHMENT0_EXT, GL_TEXTURE_RECTANGLE_ARB, 17, 0);
glViewport(0, 0, 1101, 1101);
glMatrixMode(GL_PROJECTION);
glLoadIdentity();
glOrtho(0, 1101, 0, 1101, -1, 1);
glClearColor(0, 0, 0, 0);
glClear(GL_COLOR_BUFFER_BIT);
glDisable(GL_BLEND);
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 1);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(0, 0);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(256, 0);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(256, 256);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(0, 256);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 2);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(256, 0);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(512, 0);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(512, 256);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(256, 256);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 3);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(512, 0);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(768, 0);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(768, 256);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(512, 256);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 4);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(768, 0);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(1024, 0);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(1024, 256);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(768, 256);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 5);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(0, 256);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(256, 256);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(256, 512);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(0, 512);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 6);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(256, 256);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(512, 256);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(512, 512);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(256, 512);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 7);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(512, 256);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(768, 256);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(768, 512);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(512, 512);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 8);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(768, 256);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(1024, 256);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(1024, 512);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(768, 512);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 9);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(0, 512);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(256, 512);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(256, 768);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(0, 768);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 10);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(256, 512);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(512, 512);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(512, 768);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(256, 768);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 11);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(512, 512);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(768, 512);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(768, 768);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(512, 768);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 12);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(768, 512);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(1024, 512);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(1024, 768);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(768, 768);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 13);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(0, 768);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(256, 768);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(256, 1024);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(0, 1024);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 14);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(256, 768);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(512, 768);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(512, 1024);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(256, 1024);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 15);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(512, 768);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(768, 768);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);
glVertex2f(768, 1024);
glMultiTexCoord2f(GL_TEXTURE0, 0, 256);
glMultiTexCoord2f(GL_TEXTURE1, 1, 256);
glMultiTexCoord2f(GL_TEXTURE2, 2, 256);
glVertex2f(512, 1024);
glEnd();
glBindTexture(GL_TEXTURE_RECTANGLE_ARB, 16);
glBegin(GL_QUADS);
glMultiTexCoord2f(GL_TEXTURE0, 0, 0);
glMultiTexCoord2f(GL_TEXTURE1, 1, 0);
glMultiTexCoord2f(GL_TEXTURE2, 2, 0);
glVertex2f(768, 768);
glMultiTexCoord2f(GL_TEXTURE0, 256, 0);
glMultiTexCoord2f(GL_TEXTURE1, 257, 0);
glMultiTexCoord2f(GL_TEXTURE2, 258, 0);
glVertex2f(1024, 768);
glMultiTexCoord2f(GL_TEXTURE0, 256, 256);
glMultiTexCoord2f(GL_TEXTURE1, 257, 256);
glMultiTexCoord2f(GL_TEXTURE2, 258, 256);

All Together Now:
... Core Image will do all this OpenGL work
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aa = clCreateContextFromType( NULL,  CL_DEVICE_TYPE_CPU, NULL, NULL, 0);
clRetainContext(aa);
clGetContextInfo(aa, CL_CONTEXT_DEVICES, 0, NULL, 4);
clGetContextInfo(aa, CL_CONTEXT_DEVICES, 4, { bb }, 4);
clGetDeviceInfo(bb, CL_DEVICE_TYPE, 8, 2, 8);
clGetDeviceInfo(bb, CL_DEVICE_MAX_COMPUTE_UNITS, 4, 4, 4);
cc = clCreateCommandQueue(aa, bb, CL_QUEUE_OUT_OF_ORDER_EXEC_MODE_ENABLE | CL_QUEUE_PROFILING_ENABLE, 0)
clGetDeviceInfo(bb, CL_DEVICE_MAX_SAMPLERS, 4, 16, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_PARAMETER_SIZE, 4, 4096, 0);
clCreateSampler(aa, CL_FALSE, CL_ADDRESS_CLAMP, CL_FILTER_LINEAR, 0);
clCreateSampler(aa, CL_FALSE, CL_ADDRESS_CLAMP_TO_EDGE, CL_FILTER_LINEAR, 0);
clCreateSampler(aa, CL_FALSE, CL_ADDRESS_REPEAT, CL_FILTER_LINEAR, 0);
gg = clCreateSampler(aa, CL_FALSE, CL_ADDRESS_CLAMP, CL_FILTER_NEAREST, 0);
clCreateSampler(aa, CL_FALSE, CL_ADDRESS_CLAMP_TO_EDGE, CL_FILTER_NEAREST, 0);
clCreateSampler(aa, CL_FALSE, CL_ADDRESS_REPEAT, CL_FILTER_NEAREST, 0);
clCreateSampler(aa, CL_TRUE, CL_ADDRESS_CLAMP, CL_FILTER_LINEAR, 0);
clCreateSampler(aa, CL_TRUE, CL_ADDRESS_CLAMP_TO_EDGE, CL_FILTER_LINEAR, 0);
clCreateSampler(aa, CL_TRUE, CL_ADDRESS_REPEAT, CL_FILTER_LINEAR, 0);
clCreateSampler(aa, CL_TRUE, CL_ADDRESS_CLAMP, CL_FILTER_NEAREST, 0);
clCreateSampler(aa, CL_TRUE, CL_ADDRESS_CLAMP_TO_EDGE, CL_FILTER_NEAREST, 0);
clCreateSampler(aa, CL_TRUE, CL_ADDRESS_REPEAT, CL_FILTER_NEAREST, 0);
clRetainContext(aa);
clRetainCommandQueue(cc);
hh = clCreateImage2D(aa,  CL_MEM_READ_WRITE | CL_MEM_USE_HOST_PTR ,  { CL_ARGB , CL_UNORM_INT8 }, 1024, 1024, 4096, pelon, 0);
clRetainMemObject(hh);
clGetImageInfo(hh, CL_IMAGE_ROW_PITCH, 4, <param_value>, 0);
clGetImageInfo(hh, CL_IMAGE_WIDTH, 4, <param_value>, 0);
clGetImageInfo(hh, CL_IMAGE_HEIGHT, 4, <param_value>, 0);
clGetImageInfo(hh, CL_IMAGE_DEPTH, 4, <param_value>, 0);
clGetImageInfo(hh, CL_IMAGE_FORMAT, 8, <param_value>, 0);
clReleaseMemObject(hh);
clGetDeviceInfo(bb, CL_DEVICE_IMAGE2D_MAX_WIDTH, 4, 8192, 0);
clGetDeviceInfo(bb, CL_DEVICE_IMAGE2D_MAX_HEIGHT, 4, 8192, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_MEM_ALLOC_SIZE, 8, 1073741824, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_SAMPLERS, 4, 16, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_READ_IMAGE_ARGS, 4, 128, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_SAMPLERS, 4, 16, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_READ_IMAGE_ARGS, 4, 128, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_SAMPLERS, 4, 16, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_READ_IMAGE_ARGS, 4, 128, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_SAMPLERS, 4, 16, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_READ_IMAGE_ARGS, 4, 128, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_SAMPLERS, 4, 16, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_READ_IMAGE_ARGS, 4, 128, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_SAMPLERS, 4, 16, 0);
clGetDeviceInfo(bb, CL_DEVICE_MAX_READ_IMAGE_ARGS, 4, 128, 0);
clRetainContext(aa);
clRetainCommandQueue(cc);
jj = clCreateImage2D(aa,  CL_MEM_READ_ONLY | CL_MEM_USE_HOST_PTR ,  { CL_ARGB , CL_UNORM_INT8 }, 1024, 1024, 4096, elope, 0);
clRetainMemObject(jj);
clGetImageInfo(jj, CL_IMAGE_ROW_PITCH, 4, <param_value>, 0);
clGetImageInfo(jj, CL_IMAGE_WIDTH, 4, <param_value>, 0);
clGetImageInfo(jj, CL_IMAGE_HEIGHT, 4, <param_value>, 0);
clGetImageInfo(jj, CL_IMAGE_DEPTH, 4, <param_value>, 0);
clGetImageInfo(jj, CL_IMAGE_FORMAT, 8, <param_value>, 0);
clReleaseMemObject(jj);
mm = clCreateProgramWithSource(aa, 1, {
// OpenCL FP 1.0
// Copyright 2009, Apple Computer, Inc

__kernel void program(write_only image2d_t dest, int flipped, int4 dim, float2 st_origin, float4 st_delta, float4 l0, float4 l1, float4 l2, 
float4 l3, float4 l4, float4 l5, float4 l6, float4 l7, float4 l8, float4 l9, float4 l10, float4 l11, float4 l12, float4 l13, read_only 
image2d_t t0, sampler_t t_sampler0)
{
    float4       f0_start, f0_end, f0_delta, tf0_start[4], tf0_delta[4];
    float4       f1_start, f1_end, f1_delta, tf1_start[4], tf1_delta[4];
    float4       gr0_1_0[64], gr0_1_1[64], gr0_1_2[64], gr0_1_3[64];
    const float4 p0  = (float4)( 0x1.0c6f7ap-20, 0x1.0c6f7ap-20, 0x1.0c6f7ap-20, 0x1.0c6f7ap-20 );
    const float4 p1  = (float4)( 0x0p+0, 0x0p+0, 0x0p+0, 0x0p+0 );
    const float4 p2  = (float4)( 0x1.b33334p-3, 0x1.b33334p-3, 0x1.b33334p-3, 0x1.b33334p-3 );
    const float4 p3  = (float4)( 0x1.6e48e8p-1, 0x1.6e48e8p-1, 0x1.6e48e8p-1, 0x1.6e48e8p-1 );
    const float4 p4  = (float4)( 0x1.275254p-4, 0x1.275254p-4, 0x1.275254p-4, 0x1.275254p-4 );
    const float4 p5  = (float4)( 0x1.a36e2ep-14, 0x1.a36e2ep-14, 0x1.a36e2ep-14, 0x1.a36e2ep-14 );
    const float4 p6  = (float4)( 0x1.d595dap-11, 0x1.d595dap-11, 0x1.d595dap-11, 0x1.d595dap-11 );
    const float4 p7  = (float4)( -0x1.218e3cp-10, -0x1.218e3cp-10, -0x1.218e3cp-10, -0x1.218e3cp-10 );
    const float4 p8  = (float4)( -0x1.3ee89ep-11, -0x1.3ee89ep-11, -0x1.3ee89ep-11, -0x1.3ee89ep-11 );
    const float4 p9  = (float4)( 0x1.0c7ca6p-5, 0x1.0c7ca6p-5, 0x1.0c7ca6p-5, 0x1.0c7ca6p-5 );
    const float4 p10  = (float4)( -0x1.c2bf7cp+11, -0x1.c2bf7cp+11, -0x1.c2bf7cp+11, -0x1.c2bf7cp+11 );
    const float4 p11  = (float4)( 0x1.62659ep+9, 0x1.62659ep+9, 0x1.62659ep+9, 0x1.62659ep+9 );
    const float4 p12  = (float4)( 0x1.0efb7cp-3, 0x1.0efb7cp-3, 0x1.0efb7cp-3, 0x1.0efb7cp-3 );
    const float4 p13  = (float4)( -0x1.8fad94p-2, -0x1.8fad94p-2, -0x1.8fad94p-2, -0x1.8fad94p-2 );
    const float4 p14  = (float4)( -0x1.df8f8cp-5, -0x1.df8f8cp-5, -0x1.df8f8cp-5, -0x1.df8f8cp-5 );
    const float4 p15  = (float4)( -0x1.97e1fcp-3, -0x1.97e1fcp-3, -0x1.97e1fcp-3, -0x1.97e1fcp-3 );
    const float4 p16  = (float4)( 0x1.52ff12p-1, 0x1.52ff12p-1, 0x1.52ff12p-1, 0x1.52ff12p-1 );
    const float4 p17  = (float4)( -0x1.9777ap+5, -0x1.9777ap+5, -0x1.9777ap+5, -0x1.9777ap+5 );
    const float4 p18  = (float4)( 0x1.dca79ap-2, 0x1.dca79ap-2, 0x1.dca79ap-2, 0x1.dca79ap-2 );
    const float4 p19  = (float4)( 0x1.070dd8p+0, 0x1.070dd8p+0, 0x1.070dd8p+0, 0x1.070dd8p+0 );
    const float4 p20  = (float4)( -0x1.d0565ap-1, -0x1.d0565ap-1, -0x1.d0565ap-1, -0x1.d0565ap-1 );
    const float4 p21  = (float4)( 0x1.8eef1cp+1, 0x1.8eef1cp+1, 0x1.8eef1cp+1, 0x1.8eef1cp+1 );
    const float4 p22  = (float4)( 0x1.95d48cp-1, 0x1.95d48cp-1, 0x1.95d48cp-1, 0x1.95d48cp-1 );
    const float4 p23  = (float4)( 0x1.07c1b6p-5, 0x1.07c1b6p-5, 0x1.07c1b6p-5, 0x1.07c1b6p-5 );
    const float4 p24  = (float4)( 0x1.696ecep+0, 0x1.696ecep+0, 0x1.696ecep+0, 0x1.696ecep+0 );
    const float4 p25  = (float4)( -0x1p+0, -0x1p+0, -0x1p+0, -0x1p+0 );
    const float4 p26  = (float4)( 0x1.5c28f6p-4, 0x1.5c28f6p-4, 0x1.5c28f6p-4, 0x1.5c28f6p-4 );
    int          index = 0;
    int          total_index = 0;
    int          write_amount = 0;
    int          read_amount = 256;
    int          write_offset = 0;
    float4       o_r[64], o_g[64], o_b[64], o_a[64];
    int          dest_width = dim.x;
    int          dest_height = dim.y;
    float4       o0, r0, r1, r2, r3, r4, r5, r6, r7, r8, r9, r10, r11, r12, r13, r14, r15, r16, r17, r18, r19, r20, r21, r22, r23, r24, r25, 
r26, r27, r28, r29, r30, r31, r32, r33, r34, r35, r36, r37, r38, r39, r40, r41, r42, r43, r44, r45, r46, r47, r48, r49, r50, r51, r52, r53, 
r54, r55, r56, r57, r58, r59, r60, r61, r62, r63, r64, r65, r66, r67, r68, r69, r70, r71, r72, r73, r74, r75, r76, r77, r78, r79, r80, r81, 
r82, r83, r84, r85, r86, r87, r88, r89, r90, r91, r92, r93, r94, r95, r96, r97, r98, r99, r100, r101, r102, r103, r104, r105, r106, r107, 
r108, r109, r110, r111, r112, r113, r114, r115, r116, r117, r118, r119, r120, r121, r122, r123, r124, r125, r126, r127, r128, r129, r130, 
r131, r132, r133, r134, r135, r136, r137, r138, r139, r140, r141, r142, r143, r144, r145, r146, r147, r148, r149, r150, r151, r152, r153, 
r154, r155, r156, r157, r158, r159, r160, r161, r162, r163, r164, r165, r166, r167, r168, r169, r170, r171, r172, r173, r174, r175, r176, 
r177, r178, r179, r180, r181, r182, r183, r184, r185, r186, r187, r188, r189, r190, r191, r192, r193, r194, r195, r196, r197, r198, r199, 
r200, r201, r202, r203, r204, r205, r206, r207, r208, r209, r210, r211, r212, r213, r214, r215, r216, r217, r218, r219, r220, r221, r222, 
r223, r224, r225, r226, r227, r228, r229, r230, r231, r232, r233, r234, r235, r236, r237, r238, r239, r240, r241, r242, r243, r244, r245, 
r246, r247, r248, r249, r250, r251, r252, r253, r254, r255, r256, r257, r258, r259;
    float4       false_vector = (float4) 0.0f;
    float4       true_vector = (float4) 1.0f;
    float        unused_float1;
    float2       unused_float2;
    __float3_SPI       unused_float3;
    float4       unused_float4;
    float16      scratch16;
    int2         loc = (int2)( 0, get_global_id(0) );

    float4       loc_start = (float4)( st_origin.x + ((float)loc.x + 0.5f) * st_delta.x + ((float)loc.y + 0.5f) * st_delta.z, st_origin.y + 
((float)loc.x + 0.5f) * st_delta.y + ((float)loc.y + 0.5f) * st_delta.w, 0.0f, 0.0f );
    float4       loc_end = loc_start + (float4)( (float)dest_width * st_delta.x, (float)dest_width * st_delta.y, 0.0f, 0.0f );
    r0 = (float4) 0.0f;
    r1 = (float4) 0.0f;

    // vertex start
    f0_start = loc_start;
    r1 = loc_start;
    r0.x = dot(r1.xy,l12.xy) + l12.w;
    r0.y = dot(r1.xy,l13.xy) + l13.w;
    f1_start = r0;

    // vertex end
    f0_end = loc_end;
    r1 = loc_end;
    r0.x = dot(r1.xy,l12.xy) + l12.w;
    r0.y = dot(r1.xy,l13.xy) + l13.w;
    f1_end = r0;

    f0_delta = (f0_end - f0_start) / (float)(dest_width);
    tf0_delta[0] = (float4) f0_delta.s0;
    tf0_start[0] = (float4) ( f0_start.s0, f0_start.s0 + f0_delta.s0, f0_start.s0 + 2.0*f0_delta.s0, f0_start.s0 + 3.0*f0_delta.s0 );
    tf0_delta[1] = (float4) f0_delta.s1;
    tf0_start[1] = (float4) ( f0_start.s1, f0_start.s1 + f0_delta.s1, f0_start.s1 + 2.0*f0_delta.s1, f0_start.s1 + 3.0*f0_delta.s1 );
    tf0_delta[2] = (float4) f0_delta.s2;
    tf0_start[2] = (float4) ( f0_start.s2, f0_start.s2 + f0_delta.s2, f0_start.s2 + 2.0*f0_delta.s2, f0_start.s2 + 3.0*f0_delta.s2 );
    tf0_delta[3] = (float4) f0_delta.s3;
    tf0_start[3] = (float4) ( f0_start.s3, f0_start.s3 + f0_delta.s3, f0_start.s3 + 2.0*f0_delta.s3, f0_start.s3 + 3.0*f0_delta.s3 );
    f1_delta = (f1_end - f1_start) / (float)(dest_width);
    tf1_delta[0] = (float4) f1_delta.s0;
    tf1_start[0] = (float4) ( f1_start.s0, f1_start.s0 + f1_delta.s0, f1_start.s0 + 2.0*f1_delta.s0, f1_start.s0 + 3.0*f1_delta.s0 );
    tf1_delta[1] = (float4) f1_delta.s1;
    tf1_start[1] = (float4) ( f1_start.s1, f1_start.s1 + f1_delta.s1, f1_start.s1 + 2.0*f1_delta.s1, f1_start.s1 + 3.0*f1_delta.s1 );
    tf1_delta[2] = (float4) f1_delta.s2;
    tf1_start[2] = (float4) ( f1_start.s2, f1_start.s2 + f1_delta.s2, f1_start.s2 + 2.0*f1_delta.s2, f1_start.s2 + 3.0*f1_delta.s2 );
    tf1_delta[3] = (float4) f1_delta.s3;
    tf1_start[3] = (float4) ( f1_start.s3, f1_start.s3 + f1_delta.s3, f1_start.s3 + 2.0*f1_delta.s3, f1_start.s3 + 3.0*f1_delta.s3 );

    __async_work_group_stream_from_image(t0, t_sampler0, f1_start.xy, f1_delta.xy, read_amount, (float4 *)gr0_1_0, (float4 *)gr0_1_1, 
(float4 *)gr0_1_2, (float4 *)gr0_1_3);
    for(; loc.x<dest_width ; loc.x+=4)
    {
        r0 = gr0_1_0[index];
        r1 = gr0_1_1[index];
        r2 = gr0_1_2[index];
        r3 = gr0_1_3[index];
        r4 = max(r3, p0);
        r5 = half_recip(r4);
        r6 = r3;
        r7 = r0*r5;
        r8 = r1*r5;
        r9 = r2*r5;
        r10 = max(r7, p1);
        r11 = max(r8, p1);
        r12 = max(r9, p1);
        r13 = max(r6, p1);
        scratch16 = __ci_gamma_SPI(r10, r11, r12, l11.xyzw);
        r14 = scratch16.lo.lo;
        r15 = scratch16.lo.hi;
        r16 = scratch16.hi.lo;
        r17 = r14;
        r18 = r15;
        r19 = r16;
        r20 = r6;
        r21 = r17*r20;
        r22 = r18*r20;
        r23 = r19*r20;
        r24 = r21;
        r25 = r22;
        r26 = r23;
        r27 = r24;
        r28 = r25;
        r29 = r26;
        r30 = r20;
        r31 = r27*l8.xxxx;
        r32 = r27*l8.yyyy;
        r33 = r27*l8.zzzz;
        r34 = r27*l8.wwww;
        r35 = r28*l9.xxxx + r31;
        r36 = r28*l9.yyyy + r32;
        r37 = r28*l9.zzzz + r33;
        r38 = r28*l9.wwww + r34;
        r39 = r29*l10.xxxx + r35;
        r40 = r29*l10.yyyy + r36;
        r41 = r29*l10.zzzz + r37;
        r42 = r41;
        r43 = r39*p2;
        r44 = r40*p3;
        r45 = r43+r44;
        r46 = r42*p4;
        r47 = r45+r46;
        r48 = r47;
        r49 = r47;
        r50 = r47;
        r51 = r47;
        r52 = max(p5, r30);
        r53 = max(p5, r30);
        r54 = max(p5, r30);
        r55 = max(p5, r30);
        r56 = half_recip(r52);
        r57 = half_recip(r52);
        r58 = half_recip(r52);
        r59 = half_recip(r52);
        r60 = r48*r56;
        r61 = r49*r57;
        r62 = r50*r58;
        r63 = r51*r59;
        r64 = r30*p6;
        r65 = r30*p7;
        r66 = r30*p8;
        r67 = r30*p9;
        r68 = r60*p10 + p11;
        r69 = r61*p12 + p13;
        r70 = r62*p1 + p14;
        r71 = r63*p15 + p16;
        r72 = r68*r60 + p17;
        r73 = r69*r61 + p18;
        r74 = r70*r62 + p19;
        r75 = r71*r63 + p20;
        r76 = r72;
        r77 = r73;
        r78 = r74;
        r79 = r75;
        r80 = r76*r60 + p21;
        r81 = r77*r61 + p22;
        r82 = r78*r62 + p23;
        r83 = r79*r63 + p24;
        r84 = r80;
        r85 = r81;
        r86 = r82;
        r87 = r83;
        r88 = r84*r48 + r64;
        r89 = r85*r49 + r65;
        r90 = r86*r50 + r66;
        r91 = r87*r51 + r67;
        r92 = r48*p25;
        r93 = r49*p25;
        r94 = r50*p25;
        r95 = r51*p25;
        r96 = r30*p26 + r92;
        r97 = r30*p26 + r93;
        r98 = r30*p26 + r94;
        r99 = r30*p26 + r95;
        r100 = r96*p25;
        r101 = r97*p25;
        r102 = r98*p25;
        r103 = r99*p25;
        r104 = select(r91,r88, isless(r100, 0.0f));
        r105 = r104;
        r106 = r48*p25;
        r107 = r49*p25;
        r108 = r50*p25;
        r109 = r51*p25;
        r110 = r48*r48 + r106;
        r111 = r49*r49 + r107;
        r112 = r50*r50 + r108;
        r113 = r51*r51 + r109;
        r114 = select(r48,r105, isless(r110, 0.0f));
        r115 = select(r49,r89, isless(r110, 0.0f));
        r116 = select(r50,r90, isless(r110, 0.0f));
        r117 = select(r51,r91, isless(r110, 0.0f));
        r118 = r30;
        r119 = r114*l6.xxxx;
        r120 = r115*l6.yyyy;
        r121 = r116*l6.zzzz;
        r122 = r118*l6.wwww;
        r123 = mix(r39,r119, l7.xxxx);
        r124 = mix(r40,r120, l7.xxxx);
        r125 = mix(r42,r121, l7.xxxx);
        r126 = mix(r30,r122, l7.xxxx);
        r127 = r123*p2;
        r128 = r124*p3;
        r129 = r127+r128;
        r130 = r125*p4;
        r131 = r129+r130;
        r132 = r131;
        r133 = r131;
        r134 = r131;
        r135 = r131;
        r136 = max(p5, r126);
        r137 = max(p5, r126);
        r138 = max(p5, r126);
        r139 = max(p5, r126);
        r140 = half_recip(r136);
        r141 = half_recip(r136);
        r142 = half_recip(r136);
        r143 = half_recip(r136);
        r144 = r132*r140;
        r145 = r133*r141;
        r146 = r134*r142;
        r147 = r135*r143;
        r148 = r126*p6;
        r149 = r126*p7;
        r150 = r126*p8;
        r151 = r126*p9;
        r152 = r144*p10 + p11;
        r153 = r145*p12 + p13;
        r154 = r146*p1 + p14;
        r155 = r147*p15 + p16;
        r156 = r152*r144 + p17;
        r157 = r153*r145 + p18;
        r158 = r154*r146 + p19;
        r159 = r155*r147 + p20;
        r160 = r156;
        r161 = r157;
        r162 = r158;
        r163 = r159;
        r164 = r160*r144 + p21;
        r165 = r161*r145 + p22;
        r166 = r162*r146 + p23;
        r167 = r163*r147 + p24;
        r168 = r164;
        r169 = r165;
        r170 = r166;
        r171 = r167;
        r172 = r168*r132 + r148;
        r173 = r169*r133 + r149;
        r174 = r170*r134 + r150;
        r175 = r171*r135 + r151;
        r176 = r172;
        r177 = r173;
        r178 = r174;
        r179 = r175;
        r180 = r132*p25;
        r181 = r133*p25;
        r182 = r134*p25;
        r183 = r135*p25;
        r184 = r126*p26 + r180;
        r185 = r126*p26 + r181;
        r186 = r126*p26 + r182;
        r187 = r126*p26 + r183;
        r188 = r184*p25;
        r189 = r185*p25;
        r190 = r186*p25;
        r191 = r187*p25;
        r192 = select(r179,r176, isless(r188, 0.0f));
        r193 = r192;
        r194 = r132*p25;
        r195 = r133*p25;
        r196 = r134*p25;
        r197 = r135*p25;
        r198 = r132*r132 + r194;
        r199 = r133*r133 + r195;
        r200 = r134*r134 + r196;
        r201 = r135*r135 + r197;
        r202 = select(r132,r193, isless(r198, 0.0f));
        r203 = select(r133,r177, isless(r198, 0.0f));
        r204 = select(r134,r178, isless(r198, 0.0f));
        r205 = select(r135,r179, isless(r198, 0.0f));
        r206 = r202;
        r207 = r203;
        r208 = r204;
        r209 = r205;
        r210 = r126;
        r211 = r206*l4.xxxx;
        r212 = r207*l4.yyyy;
        r213 = r208*l4.zzzz;
        r214 = r210*l4.wwww;
        r215 = mix(r123,r211, l5.xxxx);
        r216 = mix(r124,r212, l5.xxxx);
        r217 = mix(r125,r213, l5.xxxx);
        r218 = mix(r126,r214, l5.xxxx);
        r219 = r215*l1.xxxx;
        r220 = r215*l1.yyyy;
        r221 = r215*l1.zzzz;
        r222 = r215*l1.wwww;
        r223 = r216*l2.xxxx + r219;
        r224 = r216*l2.yyyy + r220;
        r225 = r216*l2.zzzz + r221;
        r226 = r216*l2.wwww + r222;
        r227 = r217*l3.xxxx + r223;
        r228 = r217*l3.yyyy + r224;
        r229 = r217*l3.zzzz + r225;
        r230 = r229;
        r231 = max(r218, p0);
        r232 = half_recip(r231);
        r233 = r218;
        r234 = r227*r232;
        r235 = r228*r232;
        r236 = r230*r232;
        r237 = max(r234, p1);
        r238 = max(r235, p1);
        r239 = max(r236, p1);
        r240 = max(r233, p1);
        scratch16 = __ci_gamma_SPI(r237, r238, r239, l0.xyzw);
        r241 = scratch16.lo.lo;
        r242 = scratch16.lo.hi;
        r243 = scratch16.hi.lo;
        r244 = r241*r233;
        r245 = r242*r233;
        r246 = r243*r233;
        r247 = r244;
        r248 = r245;
        r249 = r246;
        r250 = min(r247, r233);
        r251 = min(r248, r233);
        r252 = min(r249, r233);
        r253 = r250;
        r254 = r251;
        r255 = r252;
        r256 = r253;
        r257 = r254;
        r258 = r255;
        r259 = r233;
        o_r[index] = r256;
        o_g[index] = r257;
        o_b[index] = r258;
        o_a[index] = r259;
        index++;
        total_index++;
        if (index == 64)
        {
            write_amount = min(256, dest_width - write_offset);
            (void)__async_work_group_stream_to_image(dest, (size_t)(dim.z + write_offset), (size_t)(flipped ? get_image_height(dest) - 
(loc.y+dim.w+1): loc.y+dim.w), write_amount, (const float4 *)o_r, (const float4 *)o_g, (const float4 *)o_b, (const float4 *)o_a);
            index = 0;
            write_offset += write_amount;
            if (write_offset == dest_width) return;
            read_amount = min(256, dest_width - write_offset);
            __async_work_group_stream_from_image(t0, t_sampler0, f1_start.xy + ((float)4*total_index) * f1_delta.xy, f1_delta.xy, 
read_amount, (float4 *)gr0_1_0, (float4 *)gr0_1_1, (float4 *)gr0_1_2, (float4 *)gr0_1_3);
        }
;
    }
    if (index > 0)
    {
        (void)__async_work_group_stream_to_image(dest, (size_t)(dim.z + write_offset), (size_t)(flipped ? get_image_height(dest) - (loc.y
+dim.w+1): loc.y+dim.w), (size_t)(dest_width - write_offset), (const float4 *)o_r, (const float4 *)o_g, (const float4 *)o_b, (const float4 
*)o_a);
    }
}
}, {16277}, 0);
clBuildProgram(mm, 1, { bb }, "-cl-denorms-are-zero", NULL, NULL);
clCreateKernel(mm, "program", 0); /* = kk */
clGetKernelInfo(kk, CL_KERNEL_NUM_ARGS, 4, <param_value>, 0);
clGetKernelWorkGroupInfo(kk, bb, CL_KERNEL_WORK_GROUP_SIZE, 4, <param_value>, 0);
clSetKernelArg(kk, 0, 4, hh); /* arg is a image2D named "dest" */
clSetKernelArg(kk, 1, 4, { 1 } ); /* arg is a int1 named "flipped" */
clSetKernelArg(kk, 2, 16, { 1024, 1024, 0, 0 } ); /* arg is a int4 named "dim" */
clSetKernelArg(kk, 3, 8, { 0, 0 } ); /* arg is a float2 named "st_origin" */
clSetKernelArg(kk, 4, 16, { 1, 0, 0, 1 } ); /* arg is a float4 named "st_delta" */
clSetKernelArg(kk, 5, 16, { 0.555556, 0.555556, 0.555556, 0 } ); /* arg is a float4 named "l0" */
clSetKernelArg(kk, 6, 16, { -0.574288, 0.423976, 0.424998, 0 } ); /* arg is a float4 named "l1" */
clSetKernelArg(kk, 7, 16, { 1.43101, 0.430492, 1.43035, 0 } ); /* arg is a float4 named "l2" */
clSetKernelArg(kk, 8, 16, { 0.142599, 0.146451, -0.856027, 0 } ); /* arg is a float4 named "l3" */
clSetKernelArg(kk, 9, 16, { 1.00087, 0.980889, 0.861316, 1 } ); /* arg is a float4 named "l4" */
clSetKernelArg(kk, 10, 16, { 0.5, 0, 0, 0 } ); /* arg is a float4 named "l5" */
clSetKernelArg(kk, 11, 16, { 1.00087, 0.980889, 0.861316, 1 } ); /* arg is a float4 named "l6" */
clSetKernelArg(kk, 12, 16, { 1, 0, 0, 0 } ); /* arg is a float4 named "l7" */
clSetKernelArg(kk, 13, 16, { 1.001, -0.00141349, 0.000284234, 0 } ); /* arg is a float4 named "l8" */
clSetKernelArg(kk, 14, 16, { 0.00118249, 0.998379, 0.000518635, 0 } ); /* arg is a float4 named "l9" */
clSetKernelArg(kk, 15, 16, { -0.00150129, 0.00211723, 0.999871, 0 } ); /* arg is a float4 named "l10" */
clSetKernelArg(kk, 16, 16, { 1.8, 1.8, 1.8, 0 } ); /* arg is a float4 named "l11" */
clSetKernelArg(kk, 17, 16, { 1, 0, 0, 0 } ); /* arg is a float4 named "l12" */
clSetKernelArg(kk, 18, 16, { 0, -1, 0, 1024 } ); /* arg is a float4 named "l13" */
clSetKernelArg(kk, 19, 4, jj); /* arg is a image2D named "t0" */
clSetKernelArg(kk, 20, 4, gg); /* arg is a sampler named "t_sampler0" */
clEnqueueNDRangeKernel(cc, kk, 1, NULL, { 1024 }, { 1 }, 0, NULL, NULL);
clFinish(cc);
clReleaseMemObject(jj);
clReleaseCommandQueue(cc);
clReleaseContext(aa);
clEnqueueReadImage(cc, hh, CL_TRUE,  { 0, 0, 0 }, { 1024, 1024, 1 }, 4096, 0, pelon, 0, NULL,  NULL);

All Together Now:
... Core Image will do all this OpenCL work
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Using Core Image Efficiently

Daniel Eggert
Software Engineer
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Using Core Image Efficiently

• Demo application
• Five things to keep in mind
• Debugging tips
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Demo Application
A simple Cocoa application using Core Image

• Opens images
• Custom NSView
• Applies the CIPointillize filter to the image inside -drawRect:

Available as sample code at:
http://developer.apple.com/wwdc/attendee/

21



Demo

Daniel Eggert
Software Engineer
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Five Things to Keep in Mind

NSImage vs. CGImageRef

CPU vs. GPU

Reuse CIContext instances

Color Management

Threading

23



    NSImage
Cocoa image object

• Both source and destination
• Mutable pixel container
• Content can change to adapt it to given rendering situation
• Can abstract one or many images of different types
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    Use CGImageRef
Quartz image object

• Immutable pixel container
• Exactly one bitmap based image 
• Best fidelity for image processing
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    CPU vs. GPU
Both have their place

• CPU
■ Fidelity
■ Background Friendly

 
GPU

Performance
Offloads the CPU

 

• GPU
■ Performance
■ Offloads the CPU
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    CPU vs. GPU
When to use which?

• CPU
■ Good for Saving

 
GPU

Performance
Offloads the CPU

 

• GPU
■ Good for Interacting
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• Force usage of the CPU:

• If not specified, runs on the GPU
• On 10.6 and later the software renderer uses OpenCL (on the CPU)

context = [CIContext contextWithCGContext:cgContext

                                  options:options];

context = [CIContext contextWithCGContext:cgContext

                                  options:options];

options = [NSDictionary dictionaryWithObject:[NSNumber numberWithBool:YES]
                                      forKey:kCIContextUseSoftwareRenderer];
options = [NSDictionary dictionaryWithObject:[NSNumber numberWithBool:YES]
                                      forKey:kCIContextUseSoftwareRenderer];

    Choosing the CPU
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    Keep Your CIContext Around

• CIContext instances hold onto a lot of state and caches.
• Re-using CIContext instance is usually the single change leading to the 
largest performance win
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    NSView and CIContext
Inside an NSView’s -drawRect:

• Using
CIContext *context = [[NSGraphicsContext currentContext] CIContext];

 will do the right thing
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    Retain Your CIContext
When you create your own instance

• Store it in a member variable:
if (context == nil) {
    context = [CIContext contextWithCGContext:cgContext options:options];
    context = [context retain];
}

• Re-use it. Often

• Release it when you’re done:
[context release];
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    Color Management
Basic story

• Automatic color management
• Respects input images’ color space
• Respects destination context’s color space
• Filters are applied in a linear working space

32



You can turn it off

• Pass in [NSNull null] as the color space

options = [NSDictionary dictionaryWithValue:[NSNull null]
                                     forKey:kCIImageColorSpace];
image = [CIImage imageWithCGImage:cgImage
                          options:options];

options = [NSDictionary dictionaryWithValue:[NSNull null]
                                     forKey:kCIContextOutputColorSpace];
image = [CIContext contextWithCGContext:cgImage
                                options:options];

    Disabling Color Management
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    Display Color Profile Changes
Two reasons for change

• Window dragged to another display

• Changing display profile in System Preferences
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• Call
[window setDisplaysWhenScreenProfileChanges:YES];

 to make sure all views are redrawn

• Inside
- (void)drawRect:(NSRect)dirtyRect;

 use
 CIContext *context = [[NSGraphicsContext currentContext] CIContext];

• Works for multi-display systems. Does not work for user changing the 
display profile in the system preferences

    Being Prepared for Change
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Invalidating off screen caches

• The window’s delegate needs to implement
- (void)windowDidChangeScreenProfile:(NSNotification *)aNotificaton;

• Or register for
center = [NSNotificationCenter defaultCenter];
token = [center addObserverForName:NSWindowDidChangeScreenProfileNotification
                            object:nil
                             queue:nil
                        usingBlock:^(NSNotification *aNotification){
                                       // Clear cache here.
                                   }];
[token retain];

    Being Prepared for Change

token = [center addObserverForName:NSWindowDidChangeScreenProfileNotification

// Clear cache here.
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    Threading

• Core Image uses all available cores for CPU contexts
• Multi-threading “for free”
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    Threading

• Calling into Core Image on multiple threads:
■ Use separate instances of CIContext for each thread, or
■ Use proper locking
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Increase your stack size

• Core Image actively uses the stack
• Increase the stack size of background threads if you have complex 
filter trees
thread = [[NSThread alloc] initWithTarget:target
                                 selector:@selector(runWithObject:)
                                   object:object];
[thread setStackSize:64 * 1024 * 1024]; // 64 MB

    Running on a Background Thread

setStackSize:
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Probing—What Is Core Image up to?
Printing render tree to console

• Allows you to see what Core Image is doing
• Console output each time an image is drawn into a context
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Behind the Scenes
Enabling tree printing

• Set the CI_PRINT_TREE environment variable to 1
• Each “draw” will dump the filter tree that is being drawn
• Large output sizes might cause multiple draws due to tiling
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Setting CI_PRINT_TREE

• Select the executable in the 
“Groups & Files” table

• Right-click and select 
“Get Info”
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Setting CI_PRINT_TREE

• Select the “Arguments” tab
• Add an environment variable
CI_PRINT_TREE!1
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** v7 fe-context-cl-cpu 0x2b33200, pass 68, rendering **

APPLY (_CIClampToAlpha _CIPremultiply) DOD [0,0 36.5x54.75] ROI [0,0 36x54] ARGB_8 #4
 AFFINE [0.5 0 0 0.502294 0 0] DOD [0,0 37x55] ROI [0,0 36x54] ARGB_8 #3
  APPLY _CIDownsample DOD [0,0 73x109] ROI [0,0 73x109] ARGB_8 #2
   IMAGE CIImage:0x1e7fc980 DOD [0,0 292x438] ROI [0,0 292x438] ARGB_8 #1

** v7 fe-context-gl 0x188daa00, pass 69, rendering **

APPLY (_CIColorCurve4 _CIMatrixNobias) ROI [0,0 1200x900] RGBA_F #5
 OVER ROI [0,0 1200x900] RGBA_H #4
  APPLY (_CIMatrixNobias _CIColorCurve3) DOD [0,0 1200x900] opaque ROI [0,0 1200x900] 
RGBA_H #2
   IMAGE CIImage:0x100296760 DOD [0,0 1200x900] opaque ROI [0,0 1200x900] ARGB_8 #1
  FILL opaque ROI [0,0 1200x900] RGBA_H #3

What You Get

44



1

** v7 fe-context-cl-cpu 0x2b33200, pass 68, rendering **

APPLY (_CIClampToAlpha _CIPremultiply) DOD [0,0 36.5x54.75] 
ROI [0,0 36x54] ARGB_8 #4
 AFFINE [0.5 0 0 0.502294 0 0] DOD [0,0 37x55] ROI [0,0 36x54] ARGB_8 #3
  APPLY _CIDownsample DOD [0,0 73x109] ROI [0,0 73x109] ARGB_8 #2
   IMAGE CIImage:0x1e7fc980 DOD [0,0 292x438] ROI [0,0 292x438] ARGB_8 #1

What You Get
fe-context-cl-cpu

   IMAGE CIImage:0x1e7fc980 DOD [0,0 292x438]

• CIImage: Size of the input image(s) 

• “cl-cpu” denotes an OpenCL CPU context
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• “gl” denotes a GPU context
• CIImage: Size of the input image

** v7 fe-context-gl 0x11382ae00, pass 5, rendering **

APPLY (_CIColorCurve4 _CIMatrixNobias) ROI [0,0 1200x900] RGBA_F #5
 OVER ROI [0,0 1200x900] RGBA_H #4
  APPLY (_CIMatrixNobias _CIColorCurve3) DOD [0,0 1200x900] opaque ROI [0,0 
1200x900] RGBA_H #2
   IMAGE CIImage:0x100296760 DOD [0,0 1200x900] opaque ROI [0,0 1200x900] ARGB_8 #1
  FILL opaque ROI [0,0 1200x900] RGBA_H #3

What You Get

IMAGE CIImage:0x100296760 DOD [0,0 1200x900]

fe-context-gl
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Number of Renders

• Identify the render invocations by their input images
• Check if the number of renders matches your expectations
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Is Core Image Using the CPU or GPU?

• Identify the render invocations by their input images
• Check for cl-cpu/gl

** v7 fe-context-cl-cpu 0x101034a08, pass 4, rendering **

■ CPU

** v7 fe-context-gl 0x11382ae00, pass 5, rendering **

■ GPU
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Begin at the beginning
Writing CIFilters

Alexandre Naaman
Lead Drastefarian
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Why Write Your Own Core Image Filter?

• Filter does not exist in the existing set
• Effect cannot be produced by chaining existing filters 
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Where to Begin

• Typical method for developing imaging algorithms
■ Quartz Composer + kernel code
■ Objective-C code + kernel code
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Using Quartz Composer for Rapid 
Prototyping (Desaturation Filter)
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kernel vec4 desaturate ( sampler src, float amount )
{

}

Write Your Own Kernel

for each pixel, the kernel gets asked to produce output pixel at X,Y

Destination image subrect

Source image subrect

vec4 orig = unpremultiply (sample(src,samplerCoord(src)));

float Y = orig.r * 0.222 + orig.g * 0.717 + orig.b * 0.061;

vec4 desaturatedColor = vec4 (Y, Y, Y, orig.a);

return premultiply ( mix (orig, desaturatedColor, amount));
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Domain of Definition & Region of Interest

DOD

ROI

1200 x 1000 1200 x 1000
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DOD for Transpose ( x , y ) ➟ ( y , x )

CGRect r = [inputImage extent];
CIFilterShape *shape = [CIFilterShape shapeWithRect:
      CGRectMake ( r.origin.y, r.origin.x, r.size.height, r.size.width )];
CIImage *outputImage = [self apply: ..... options:
                           options: kCIApplyOptionDefinition, shape, nil];

600 x 400 600 x 400

400 x 600

kernel vec4 transpose ( sampler image )
{ return sample ( image, samplerTransform ( image, destCoord().yx ) ); }

55



ROI for Transpose Filter

- (CGRect) regionOf:(int)samplerIdx destRect:(CGRect)r userInfo:(id)i
{
   return CGRectMake ( r.origin.y,    r.origin.x,
                       r.size.height, r.size.width );
}

( 200 , 500 )

200 x 100

400x600

( 200 , 500 )
200 x 100

( 500 , 200 )

100 x 200
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A “Complex” filter example
The Droste Effect
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Droste Filter Sample
• Original idea from M.C. Escher ( 1898 -1972 )
• Effect named after Dutch chocolate ( Cocoa! ) 
• http://developer.apple.com/mac/library/samplecode/Droste
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Let’s Animate the Deformation
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Let’s Assemble the Layers
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( C over B )( N over ... ( D over ( C over B ) ) )

A First Approach: Source Over

Droste
level 0

Droste
level 1

Droste
level n

A B

C

N
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Where’s the Source?

A’
A

Input imageOutput image
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The Math Behind the Madness

r₁

r₂

when θ == 0, e⁰  == 1  therefore a = r₁ 

Too easy, not a conformal map; 
doesn’t preserve angles

Logarithmic spiral in polar coordinates:

    r = a e bθbθ

when θ == 2π:

r₂ = r₁ e

b = log ( r₂ / r₁) / 2π

b 2πb 2π
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Coordinate Transforms

2π

log ( r₂ / r₁ )
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// r.x = a
// r.y = log ( r₂ / r₁ ) / 2π 
// scale = imageWidth / innerRectWidth
 
kernel vec4 droste ( sampler image, vec2 center, vec2 r, float scale )
{
! vec2 distorted = destCoord() - center; !
! float! theta = atan ( distorted.y, distorted.x );
! vec2 polar = vec2( 0.5*log ( distorted.x * distored.x +
                               distorted.y * distorted.y ) , theta );

! vec2 rotated = vec2 ( polar.x * r.x - polar.y * r.y, 
                         polar.x * r.y + polar.y * r.x );

! vec2 coord = vec2 ( exp ( rotated.x ) * cos ( rotated.y ), 
                       exp ( rotated.x ) * sin ( rotated.y ) );

! return sample ( image, coord * scale + center );
}

Kernel Code
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First Stab at Implementing Algorithm

• Works, but requires many passes over the data
• Can we do the hall of mirrors effect in a single pass ( b == 0 ) ?
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Hall of Mirrors in a Single Pass

(innerRectWidth /2, innerRectHeight /2)

(-innerRectWidth /2, -innerRectHeight /2)

(center.x, center.y)

(- center.x, - center.y)
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Le Code
kernel vec4 droste ( sampler image, vec2 center, vec2 r, float scale, 
                     vec2 halfInnerRect )
{
   /* ... same code as before ... */
   int i;

   for ( i = 0; i < 16; i++ )! 
     coord /=
       coord.x >  center.x ? scale : 
       coord.y >  center.y ? scale :
       coord.x < -center.x ? scale : 
       coord.y < -center.y ? scale : 1.0 ;

   for ( i = 0; i < 16;  i++ )
! ! coord *= 
! !   coord.x < -halfInnerRect.x ? 1.0 :
!       coord.x >  halfInnerRect.x ? 1.0 :
! !   coord.y < -halfInnerRect.y ? 1.0 :
! !   coord.y >  halfInnerRect.y ? 1.0 : scale ;

! return sample ( image, coord + center );
}
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Alpha Blending
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Le Code, Part Deux

• Porter Duff alpha blending 

kernel droste ( ... ) { // all the same once again
  vec4 color = sample ( image, coord + center );

  float s = scale; // current scale factor

  for ( i = 0; i < 4; i++ )
  {
!   color = color.a < 1.0 ? 
       color * color.a + (1.0 - color.a) * sample (image, coord / s + center ) :
       color;

     s *= scale; // new scale factor for following iteration
  }

  return color;
}
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A Few Caveats/Notes on Performance

• ROI not tile-able

• Could use scale + rotate of initial Droste level to generate subsequent 
levels 

alpha = arctan ( log ( r₂ / r₁ ) ) / 2π
scale = cos ( alpha )

• Single pass method could use some anti-aliasing in order to get rid of 
hard edges along borders of inner rectangle

• Be sure to center & scale image to match inner rectangle before 
performing effect!
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Demo of Droste Effect
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A Few More Resources Online

• More madness (aka: math)
http://escherdroste.math.leidenuniv.nl/

• American Mathematical Society paper
     Artful Mathematics: The Heritage of M. C. Escher
     by B. de Smit and H. W. Lenstra Jr.

• A gentler approach from Jos Leys:
http://www.josleys.com/article_show.php?id=82

• GLSL quick reference:   
http://www.khronos.org/files/opengl-quick-reference-card.pdf
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Throwing the Book(s) at it

• “Digital Image Warping”
■ George Wolberg, 1992

• “GPU Gems 3”
■ Addison-Wesley, 2007

• “Digital Image Processing”
■ Pearson Prentice Hall, 2008
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Labs

Core Image Graphics & Media Lab A
Thursday 4:30PM
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Allan Schaffer
Graphics and Imaging Evangelist
aschaffer@apple.com

Apple Developer Forums
http://devforums.apple.com

More Information
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