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AgendaAgenda

zz The other Open*L LibrariesThe other Open*L Libraries
zz OpenGLOpenGL
zz a bit of historya bit of history
zz new features for 3.0new features for 3.0
zz deprecation modeldeprecation model

zz OpenCLOpenCL
zz what is it, and whatwhat is it, and what’’s it for?s it for?
zz architecturearchitecture
zz kernel programming languagekernel programming language



To Be Fair To Be Fair ……

zz There are a few other APIs that match the There are a few other APIs that match the 
““Open*LOpen*L”” globglob
zz OpenGL ESOpenGL ES

zz still at version 2.0 still at version 2.0 –– the embedded space moves very slowlythe embedded space moves very slowly

zz OpenGL SCOpenGL SC
zz may never move again may never move again –– verification is very tediousverification is very tedious

zz OpenSLOpenSL ESES
zz I think this has something to do with sound I think this has something to do with sound 
zz …… but it isnbut it isn’’t graphics, so I dont graphics, so I don’’t know anything about it t know anything about it ☺☺



The Road to OpenGL 3.0The Road to OpenGL 3.0



A Brief Look BackA Brief Look Back

zz OpenGL versions OpenGL versions 
through time:through time:
zz 1992 1992 –– 1.01.0
zz 1994 1994 –– 1.11.1
zz 1998 1998 –– 1.2 & 1.2.11.2 & 1.2.1
zz 2001 2001 –– 1.31.3
zz 2002 2002 –– 1.41.4
zz 2003 2003 –– 1.51.5
zz 2004 2004 –– 2.02.0
zz 2006 2006 –– 2.12.1

zz 2007 2007 –– future future ““LongLong’’s s 
PeakPeak”” version version 
announced to be announced to be 
OpenGL 3.0OpenGL 3.0

zz 2008 2008 –– OpenGL 3.0 OpenGL 3.0 
announcedannounced
zz contains nothing that contains nothing that 

was described in was described in 
““LongLong’’s Peaks Peak””



A New Design MethodologyA New Design Methodology

zz ARB controls OpenGLARB controls OpenGL’’s evolutions evolution
zz a Khronos Working Groupa Khronos Working Group

zz Majority of members thought things were Majority of members thought things were 
taking too longtaking too long
zz convergence of Longconvergence of Long’’s Peak was always s Peak was always 

about 18 weeks from completionabout 18 weeks from completion
zz growing concern about compatibility with growing concern about compatibility with 

existing OpenGL applicationsexisting OpenGL applications
zz LongLong’’s Peak was an entirely different APIs Peak was an entirely different API



A More Schedule Driven ApproachA More Schedule Driven Approach

zz Try to make a new OpenGL release every Try to make a new OpenGL release every 
six monthssix months

zz Work from a list of extensions for Work from a list of extensions for 
promotion into the core APIpromotion into the core API
zz whatever canwhatever can’’t be integrated is pushed to the t be integrated is pushed to the 

next releasenext release
zz OpenGL 3.0 was the first release using OpenGL 3.0 was the first release using 

this modelthis model



WhatWhat’’s New in OpenGL 3.0s New in OpenGL 3.0



OpenGL 3.0OpenGL 3.0

zz New features for renderingNew features for rendering
zz framebufferframebuffer objectsobjects
zz transform feedbacktransform feedback
zz conditional renderingconditional rendering
zz ……

zz New features in GLSL 1.30New features in GLSL 1.30
zz Deprecation ModelDeprecation Model

Of course, not
everyone liked

what was done:

Hitler's YouTube
commentary 

on OpenGL 3.0

http://www.youtube.com/watch?v=sddv3d-w5p4


Motivations for New FeaturesMotivations for New Features

zz Much of the API design is for increased Much of the API design is for increased 
performanceperformance
zz really no new rendering effects, per sereally no new rendering effects, per se

zz System bus is usually the bottleneck for System bus is usually the bottleneck for 
most implementationsmost implementations
zz Keep data in graphics server for best Keep data in graphics server for best 

performanceperformance



A Conceptual ModelA Conceptual Model
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Enhanced Buffer ManagementEnhanced Buffer Management

zz Prior to 3.0, you needed to eitherPrior to 3.0, you needed to either
zz update a buffer by calling update a buffer by calling glBufferSubDataglBufferSubData
zz or map the entire buffer by calling or map the entire buffer by calling glMapBufferglMapBuffer

zz Either case caused potential buffer caching Either case caused potential buffer caching 
issuesissues

zz glMapBufferRangeglMapBufferRange allows finerallows finer--grained grained 
controlcontrol
zz hints to the server what memory will needhints to the server what memory will need

to be to be revalidiatedrevalidiated



Conditional RenderingConditional Rendering

zz Previously, Previously, occlusion queriesocclusion queries would let would let 
you know if any samples passed the depth you know if any samples passed the depth 
testtest
zz nice, but requires a roundnice, but requires a round--trip to the servertrip to the server

zz slow, and potentially stalls the pipelineslow, and potentially stalls the pipeline

zz Conditional rendering is something like a Conditional rendering is something like a 
display list with a built in occlusion query display list with a built in occlusion query 
testtest



Conditional Rendering (contConditional Rendering (cont’’d)d)
Before:Before:

GLuintGLuint occocc;;

glGenQueriesglGenQueries( 1, &( 1, &occocc ););

glBeginQueryglBeginQuery( ( 
GL_SAMPLES_PASSED, GL_SAMPLES_PASSED, occocc ););

// render occlusion test geom.// render occlusion test geom.

glEndQueryglEndQuery( ( GL_SAMPLES_PASSEDGL_SAMPLES_PASSED ););

glGetQueryObjectivglGetQueryObjectiv( ( occocc, , 
GL_QUERY_RESULTS, &n );GL_QUERY_RESULTS, &n );

if ( n > 0 ) {if ( n > 0 ) {

// render occluded geom.// render occluded geom.

}}

After:After:

GLuintGLuint occocc;;

glGenQueriesglGenQueries( 1, &( 1, &occocc ););

glBeginQueryglBeginQuery( ( 
GL_SAMPLES_PASSED, GL_SAMPLES_PASSED, occocc ););

// render // render occlusion testocclusion test geom.geom.

glEndQueryglEndQuery( ( GL_SAMPLES_PASSEDGL_SAMPLES_PASSED ););

glBeginConditionalRenderglBeginConditionalRender( ( occocc, , 
GL_QUERY_NO_WAIT );GL_QUERY_NO_WAIT );

// render occluded geom.// render occluded geom.

glEndConditionalRenderglEndConditionalRender( ( occocc ););



FramebufferFramebuffer ObjectsObjects

zz Allows Allows ““compatiblecompatible”” buffer objects to be buffer objects to be 
framebuffersframebuffers (i.e., a rendering destination)(i.e., a rendering destination)
zz enables renderenables render--toto--texture within OpenGLtexture within OpenGL
zz allows rapid recycling of data within the pipeallows rapid recycling of data within the pipe

zz render to a buffer, then bind that buffer as a texturerender to a buffer, then bind that buffer as a texture
zz no copy requiredno copy required

zz Used with Used with gl_FragDatagl_FragData to specify to specify 
multiplemultiple--renderrender--target (MRT) destinationstarget (MRT) destinations

zz PerPer--object blending and colorobject blending and color--writemaskwritemask
controlcontrol



Transform feedbackTransform feedback

zz Shade vertices capturing transformed Shade vertices capturing transformed 
resultsresults
zz vertices are processed by bound vertex vertices are processed by bound vertex 

shadershader
zz results captured in a buffer objectresults captured in a buffer object

(e.g., vertex array object)(e.g., vertex array object)
zz optionally, rasterization of primitives can be optionally, rasterization of primitives can be 

disableddisabled



Texturing Functionality OverviewTexturing Functionality Overview

zz Texture arraysTexture arrays
zz Texture and Texture and renderbufferrenderbuffer formatsformats
zz redefined oneredefined one-- and twoand two--component formatscomponent formats
zz signedsigned-- and unsignedand unsigned--integer textureinteger texture
zz halfhalf--float formatsfloat formats

zz Texture compression modeTexture compression mode



Texture ArraysTexture Arrays

zz Store an array of Store an array of nn--D dimensional textures as an D dimensional textures as an 
(n+1)(n+1)--D textureD texture
zz for for nn = 1 or 2= 1 or 2

zz includes includes mipmapmipmap
levels for eachlevels for each
texturetexture

zz requires only arequires only a
single texturesingle texture
sampler in sampler in shadershader
zz sampler{1,2}DArraysampler{1,2}DArray

(image courtesy of Mark Kilgard)



Texture and Texture and RenderbufferRenderbuffer FormatsFormats

zz NonNon--normalized signed and unsigned normalized signed and unsigned 
integer internal color formatsinteger internal color formats
zz integer values are preserved in their original integer values are preserved in their original 

formatformat
zz new internal texture formatsnew internal texture formats

zz introduces new sampler types for shadersintroduces new sampler types for shaders
zz isamplerisampler**, and , and usamplerusampler**



Texture and Texture and RenderbufferRenderbuffer Formats Formats 
(cont(cont’’d)d)

zz ““RR”” and and ““RGRG”” formatsformats
zz adds oneadds one-- and twoand two--component formatscomponent formats

zz different than luminance & luminancedifferent than luminance & luminance--alphaalpha

zz RGTC texture compression for specifically for RGTC texture compression for specifically for 
these formatsthese formats

zz DepthDepth--stencil formatsstencil formats
zz allow access to packed depth/stencil formatsallow access to packed depth/stencil formats



1616--bit Halfbit Half--float formatsfloat formats

zz s10e5 floatings10e5 floating--point value encoded in an point value encoded in an 
unsigned shortunsigned short

zz Use withUse with
zz vertex attribute arraysvertex attribute arrays
zz pixel datapixel data

zz including textures and pixelincluding textures and pixel--rectanglesrectangles



Vertex Array ObjectsVertex Array Objects

zz Encapsulates multiple vertex attribute Encapsulates multiple vertex attribute 
arrays into a single arrays into a single bindablebindable objectobject
zz ““one bind to rule them allone bind to rule them all””
zz includes all related stateincludes all related state

zz types, stride, enables, etc.types, stride, enables, etc.

zz Think texture objectsThink texture objects
zz bind to createbind to create
zz set stateset state
zz bind to use bind to use 



FramebufferFramebuffer FormatsFormats

zz FloatingFloating--point colorpoint color-- and depthand depth--buffersbuffers
zz linearlinear--color space with a floatingcolor space with a floating--point point 

representationrepresentation
zz 1010--, 11, 11--, and 16, and 16--bit floatingbit floating--pointpoint
zz used with packed and sharedused with packed and shared--exponent formatsexponent formats

zz sRGBsRGB colorcolor--buffer formatbuffer format
zz gammagamma--corrected color spacecorrected color space
zz used to only be supported for texturesused to only be supported for textures



FramebufferFramebuffer BlitsBlits

zz glBlitFramebufferglBlitFramebuffer –– the Swiss Army the Swiss Army 
knife of pixel copiesknife of pixel copies
zz copies multiple buffers in a single callcopies multiple buffers in a single call
zz automatically scales pixel rectangle if sizes automatically scales pixel rectangle if sizes 

differdiffer
zz including filtering controlincluding filtering control

zz aware of multiaware of multi--sample bufferssample buffers



GLSL 1.30GLSL 1.30
zz ShaderShader support for all relevant new support for all relevant new featuersfeatuers

zz integer attributes, uniforms, and texturesinteger attributes, uniforms, and textures
zz integer shifts & masking operationsinteger shifts & masking operations
zz texture arraystexture arrays
zz texture size queries: dimensions and dimensionalitytexture size queries: dimensions and dimensionality

zz Improved flow controlImproved flow control
zz switch statementsswitch statements

zz Preprocessor enhancementsPreprocessor enhancements
zz token pastingtoken pasting

zz New builtNew built--in functionsin functions



GLSL 1.30 (contGLSL 1.30 (cont’’d)d)
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GLSL 1.30 (contGLSL 1.30 (cont’’d)d)
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The OpenGL Deprecation ModelThe OpenGL Deprecation Model

zz WhatWhat’’s it mean?s it mean?
zz Context typesContext types
zz fullfull context context –– all current featuresall current features
zz forwardforward context context –– deprecated features deprecated features 

removedremoved
zzGL_INVALID_OPERATION returned for any use of GL_INVALID_OPERATION returned for any use of 

deprecated featuresdeprecated features

zz new {GLX,WGL,new {GLX,WGL,……} context creation routines} context creation routines



Features Deprecated inFeatures Deprecated in
OpenGL 3.0OpenGL 3.0

zz Application generated object namesApplication generated object names
zz all objects must be all objects must be **GenGeneded nownow

zz ColorColor--index modeindex mode
zz GLSL versions 1.10 and 1.20GLSL versions 1.10 and 1.20
zz FixedFixed--function pipelinefunction pipeline

zz Begin / End & Named Pointer arraysBegin / End & Named Pointer arrays
zz GL_QUADS, GL_QUAD_STRIPS, & GL_POLYGONGL_QUADS, GL_QUAD_STRIPS, & GL_POLYGON
zz Matrix stacksMatrix stacks
zz Texture coordinate generationTexture coordinate generation
zz LightingLighting
zz clientclient--side vertex arraysside vertex arrays



Features Deprecated inFeatures Deprecated in
OpenGL 3.0 (contOpenGL 3.0 (cont’’d)d)

zz FixedFixed--function texturingfunction texturing
zz no texture borders, GL_CLAMP modeno texture borders, GL_CLAMP mode
zz texture residency and prioritytexture residency and priority

zz Draw & copy pixelsDraw & copy pixels
zz glWindowPosglWindowPos & & glRasterPosglRasterPos

zz Alpha testAlpha test
zz TwoTwo--sided color selectionsided color selection
zz Polygon mode & stipplesPolygon mode & stipples
zz Accumulation BuffersAccumulation Buffers



Features Deprecated inFeatures Deprecated in
OpenGL 3.0 (contOpenGL 3.0 (cont’’d)d)

zz Attribute stacksAttribute stacks
zz Selection and feedback modesSelection and feedback modes
zz EvaluatorsEvaluators
zz GLSL GLSL glgl__ namesnames



WhatWhat’’s Important to Remembers Important to Remember

zz NothingNothing’’s removed in 3.0s removed in 3.0
zz itit’’s fully backwards compatibles fully backwards compatible

zz This is just a list of things that This is just a list of things that mightmight be be 
removed in the futureremoved in the future



OpenCLOpenCL



Why another API?Why another API?

zz Recognized the convergence of Recognized the convergence of 
computational devicescomputational devices
zz GPUsGPUs as CPUsas CPUs

CPUs
Multiple cores driving 

performance increases

GPUs
Increasingly general 
purpose data-parallel 

computing
Improving numerical 

precision

Graphics 
APIs and 
Shading 

Languages

Multi-
processor 

programming 
– e.g. OpenMP

Emerging
Intersection

OpenCL
Heterogenous

Computing



Programming with OpenCLProgramming with OpenCL

zz Will seem pretty familiar to graphics Will seem pretty familiar to graphics 
programmersprogrammers

1.1. create a suitable contextcreate a suitable context
2.2. query devicesquery devices
3.3. create kernel programscreate kernel programs
4.4. load data buffersload data buffers
5.5. specify division of work and execute kernel specify division of work and execute kernel 

programsprograms



Contexts and QueuesContexts and Queues

zzContexts are used to contain and manage Contexts are used to contain and manage 
the state of the the state of the ““worldworld””
zzKernels are executed in contexts defined Kernels are executed in contexts defined 

and manipulated by the hostand manipulated by the host
zzDevicesDevices
zzKernels Kernels -- OpenCL functionsOpenCL functions
zzProgram objects Program objects -- kernel source and kernel source and 

executableexecutable
zzMemory objectsMemory objects



Contexts and Queues (contContexts and Queues (cont’’d)d)
zz CommandCommand--queuequeue -- coordinates execution of kernelscoordinates execution of kernels

zz Kernel execution commandsKernel execution commands
zz Memory commands Memory commands -- transfer or mapping of memory object datatransfer or mapping of memory object data
zz Synchronization commands Synchronization commands -- constrains the order of commandsconstrains the order of commands

zz Applications queue compute kernel execution instancesApplications queue compute kernel execution instances
zz Queued inQueued in--order order 
zz Executed inExecuted in--order or outorder or out--ofof--orderorder
zz Events are used to implement appropriate synchronization of Events are used to implement appropriate synchronization of 

execution instancesexecution instances



OpenCL KernelsOpenCL Kernels

zz If you were a graphics person, youIf you were a graphics person, you’’d call d call 
them a them a shadershader

zz however, theyhowever, they’’re not quite re not quite ……
zz different programming languagedifferent programming language
zz more flexible memory modemore flexible memory mode

__kernel void scaleVector( __global const float  *s,
__global const float4 *a,
__global       float4 *b )

{
int id = get_global_id( 0 );

b[id] = s[id] * a[id];

}



OpenCL C OpenCL C –– The Kernel LanguageThe Kernel Language

zz Subset of c99 with extensionsSubset of c99 with extensions
zz vector types: vector types: <type><type>2, 2, <type><type>4, 4, ……, , <type><type>1616

zz swizzleswizzle--type addressingtype addressing
zz float16  v;  v.s02468ACE = float16  v;  v.s02468ACE = …… // access all the even // access all the even 

elementselements
zz float4 v; float4 v; v.xyzwv.xyzw = = …… // just like GLSL// just like GLSL

zz memory access controlsmemory access controls
zz rich rich libmlibm--like librarylike library



Language HighlightsLanguage Highlights

zzFunction qualifiersFunction qualifiers
zz __kernel__kernel qualifier declares a function as a qualifier declares a function as a 

kernelkernel
zzKernels can call other kernel functionsKernels can call other kernel functions

zzAddress space qualifiersAddress space qualifiers
zz __global, __local, __constant, __global, __local, __constant, 
__private__private

zzPointer kernel arguments must be declared Pointer kernel arguments must be declared 
with an address space qualifierwith an address space qualifier



Language Highlights (contLanguage Highlights (cont’’d)d)
zz WorkWork--item functionsitem functions

zz Query workQuery work--item identifiersitem identifiers
zz get_work_dimget_work_dim()()
zz get_global_idget_global_id(), (), get_local_idget_local_id(), (), get_group_idget_group_id()()

zz Image functionsImage functions
zz Images must be accessed through builtImages must be accessed through built--in functionsin functions
zz Reads/writes performed through sampler objects from host or Reads/writes performed through sampler objects from host or 

defined in sourcedefined in source
zz Synchronization functionsSynchronization functions

zz Barriers Barriers -- all workall work--items within a workitems within a work--group must execute the group must execute the 
barrier function before any workbarrier function before any work--item can continueitem can continue

zz Memory fences Memory fences -- provides ordering between memory operationsprovides ordering between memory operations



Host Initialization Code ExampleHost Initialization Code Example
// create the OpenCL context on a GPU device
cl_context context = clCreateContextFromType(0, CL_DEVICE_TYPE_GPU, 

NULL, NULL, NULL);
// get the list of GPU devices associated with context
clGetContextInfo(context, CL_CONTEXT_DEVICES, 0, NULL, &nDevs);
cl_device_id *devices = malloc(nDevs);
clGetContextInfo(context, CL_CONTEXT_DEVICES, nDevs, devices, NULL);

// create a command-queue
cl_cmd_queue cmd_queue = clCreateCommandQueue(context, devices[0],  

0, NULL);
// allocate the buffer memory objects
cl_mem values[3];
values[0] = clCreateBuffer(context, CL_MEM_READ_ONLY |

CL_MEM_COPY_HOST_PTR, sizeof(cl_float)*n, s, NULL);
values[1] = clCreateBuffer(context, CL_MEM_READ_ONLY | 

CL_MEM_COPY_HOST_PTR, sizeof(cl_float4)*n, a, NULL);
values[2] = clCreateBuffer(context, CL_MEM_WRITE_ONLY, 

sizeof(cl_float4)*n, NULL, NULL);



Host Initialization Code Example Host Initialization Code Example 
(cont(cont’’d)d)

// create the program from the text string “program_source”
cl_program program = clCreateProgramWithSource(context, 1, 

&program_source, 
NULL, NULL);

// build the program
cl_int err = clBuildProgram(program, 0, NULL, NULL, NULL, NULL);

// create the kernel
cl_kernel kernel = clCreateKernel(program, “scaleVector”, NULL);

// set the args values
for ( int i = 0; i < 3; ++i ) {

err |= clSetKernelArg(kernel, i, (void *)&values[i], 
sizeof(cl_mem));

}



Host Initialization Code Example Host Initialization Code Example 
(cont(cont’’d)d)

size_t global_work_size[0] = n;

// execute kernel
err = clEnqueueNDRangeKernel(cmd_queue, kernel, 1, NULL, 

global_work_size, NULL, 0, NULL, 
NULL);

// copy output array into host array “dst”
err = clEnqueueReadBuffer(context, values[2], CL_TRUE, 0, 

n*sizeof(cl_float4), dst, 0, NULL, 
NULL);



Kernel ObjectsKernel Objects

zzKernel objects encapsulateKernel objects encapsulate
zzSpecific kernel functions declared in a Specific kernel functions declared in a 

programprogram
zzArgument values used for kernel executionArgument values used for kernel execution

zzCreating kernel objectsCreating kernel objects
zz clCreateKernelclCreateKernel()() -- creates a kernel object creates a kernel object 

for a single function in a programfor a single function in a program
zz clCreateKernelsInProgramclCreateKernelsInProgram()() -- creates creates 

an object for all kernels in a programan object for all kernels in a program



Kernel Object (contKernel Object (cont’’d)d)

zz Setting argumentsSetting arguments
zz clSetKernelArgclSetKernelArg(<kernel>, <argument index>)(<kernel>, <argument index>)
zz Each argument data must be set for the kernel Each argument data must be set for the kernel 

functionfunction
zz Argument values are copied and stored in the kernel Argument values are copied and stored in the kernel 

objectobject

zz Kernel vs. program objectsKernel vs. program objects
zz Kernels are related to program executionKernels are related to program execution
zz Programs are related to program sourcePrograms are related to program source



OpenCL Memory LayoutOpenCL Memory Layout

zz kernelkernel--accessed memory controlled by accessed memory controlled by 
access modifiersaccess modifiers
zz __global __global –– accessible by all workaccessible by all work--groupsgroups
zz __local __local –– accessible only to members of a accessible only to members of a 

workwork--groupgroup
zz __private __private –– local to a worklocal to a work--itemitem’’s executions execution
zz __constant __constant –– constant global memoryconstant global memory



OpenCL Memory LayoutOpenCL Memory Layout
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Memory ObjectsMemory Objects

zzBuffer objectsBuffer objects
zzOneOne--dimensional collection of objects (like C dimensional collection of objects (like C 

arrays)arrays)
zzValid elements include scalar and vector types Valid elements include scalar and vector types 

as well as user defined structuresas well as user defined structures
zzBuffer objects can be accessed via pointers in Buffer objects can be accessed via pointers in 

the kernelthe kernel



Memory Objects (contMemory Objects (cont’’d)d)

zz Image objectsImage objects
zz TwoTwo-- or threeor three--dimensional texture, framedimensional texture, frame--

buffer, or imagesbuffer, or images
zz Must be addressed through builtMust be addressed through built--in functionsin functions

zz Sampler objectsSampler objects
zz Describes how to sample an image in the Describes how to sample an image in the 

kernelkernel
zz Addressing modesAddressing modes
zz Filtering modesFiltering modes



Creating Memory ObjectsCreating Memory Objects
zz clCreateBufferclCreateBuffer(), clCreateImage2D(), (), clCreateImage2D(), andand
clCreateImage3D()clCreateImage3D()

zzMemory objects are created with an Memory objects are created with an 
associated contextassociated context
zzMemory can be created as readMemory can be created as read--only, only, 

writewrite--only, or readonly, or read--writewrite



Creating Memory Objects (contCreating Memory Objects (cont’’d)d)

zz Where objects are created in the platform Where objects are created in the platform 
memory space can be controlledmemory space can be controlled
zz Device memoryDevice memory
zz Device memory with data copied from a host pointerDevice memory with data copied from a host pointer
zz Host memoryHost memory
zz Host memory associated with a pointerHost memory associated with a pointer

zz Memory at that pointer is guaranteed to be valid at Memory at that pointer is guaranteed to be valid at 
synchronization pointssynchronization points

zz Image objects are also created with a channel Image objects are also created with a channel 
formatformat
zz Channel order (e.g., RGB, RGBA ,etc.)Channel order (e.g., RGB, RGBA ,etc.)
zz Channel type (e.g., UNORM INT8, FLOAT, etc.)Channel type (e.g., UNORM INT8, FLOAT, etc.)



Manipulating Object DataManipulating Object Data

zzObject data can be copied to host memory, Object data can be copied to host memory, 
from host memory, or to other objectsfrom host memory, or to other objects
zzMemory commands are Memory commands are enqueuedenqueued in the in the 

command buffer and processed when the command buffer and processed when the 
command is executedcommand is executed
z clEnqueueReadBuffer(), clEnqueueReadImage()
z clEnqueueWriteBuffer(), clEnqueueWriteImage()
z clEnqueueCopyBuffer(), clEnqueueCopyImage()



Manipulating Object Data (contManipulating Object Data (cont’’d)d)

zz Data can be copied between Image and Data can be copied between Image and 
Buffer objectsBuffer objects
zz clEnqueueCopyImageToBufferclEnqueueCopyImageToBuffer()()
zz clEnqueueCopyBufferToImageclEnqueueCopyBufferToImage()()

zz Regions of the object data can be Regions of the object data can be 
accessed by mapping into the host accessed by mapping into the host 
address spaceaddress space
zz clEnqueueMapBufferclEnqueueMapBuffer(), (), clEnqueueMapImageclEnqueueMapImage()()

zz clEnqueueUnmapMemObjectclEnqueueUnmapMemObject()()



Compute ArchitectureCompute Architecture
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Kernel ExecutionKernel Execution

zzA command to execute a kernel must be A command to execute a kernel must be 
enqueuedenqueued to the commandto the command--queuequeue

zzclEnqueueNDRangeKernelclEnqueueNDRangeKernel()()

zzDataData--parallel execution modelparallel execution model
zzDescribes the Describes the index space index space for kernel for kernel 

executionexecution
zzRequires information on Requires information on NDRangeNDRange dimensions dimensions 

and workand work--group sizegroup size



Kernel Execution (contKernel Execution (cont’’d)d)
zz clEnqueueTaskclEnqueueTask()()

zz TaskTask--parallel execution model (multiple queued tasks)parallel execution model (multiple queued tasks)
zz Kernel is executed on a single workKernel is executed on a single work--itemitem

zz clEnqueueNativeKernelclEnqueueNativeKernel()()
zz TaskTask--parallel execution modelparallel execution model
zz Executes a native C/C++ function not compiled using Executes a native C/C++ function not compiled using 

the OpenCL compilerthe OpenCL compiler
zz This mode does not use a kernel object so arguments This mode does not use a kernel object so arguments 

must be passed inmust be passed in



OpenCL Execution ModelOpenCL Execution Model
zzDefine NDefine N--Dimensional computation domainDimensional computation domain
zz Each independent element of execution in an NEach independent element of execution in an N--

Dimensional domain is called a Dimensional domain is called a workwork--itemitem
zz NN--Dimensional domain defines the total number of Dimensional domain defines the total number of 

workwork--items that execute in parallel items that execute in parallel 
= = global work sizeglobal work size

zzWorkWork--items can be grouped together items can be grouped together —— workwork--
groupgroup
zz WorkWork--items in group can communicate with each otheritems in group can communicate with each other
zz Can synchronize execution among workCan synchronize execution among work--items in items in 

group to coordinate memory accessgroup to coordinate memory access



OpenCL Execution Model (contOpenCL Execution Model (cont’’d)d)

zz Execute multiple workExecute multiple work--groups in parallelgroups in parallel
zz Mapping of global work size to workMapping of global work size to work--group group 

can be implicit or explicitcan be implicit or explicit
zz Compute kernels can execute taskCompute kernels can execute task--parallel parallel 

loadsloads
zz Executes as a single workExecutes as a single work--itemitem
zz A compute kernel written in OpenCL A compute kernel written in OpenCL 
zz A native C / C++ functionA native C / C++ function



Kernel ExecutionKernel Execution

zzThe host program invokes a kernel over an The host program invokes a kernel over an 
index space called an index space called an NDRangeNDRange
zzNDRangeNDRange can be a 1, 2, or 3can be a 1, 2, or 3--dimensional dimensional 

spacespace
zzA single kernel instance at a point in the A single kernel instance at a point in the 

index space is called a index space is called a workwork--itemitem
zzWorkWork--items have unique global IDs from the items have unique global IDs from the 

index spaceindex space



NDRangesNDRanges and Workand Work--itemsitems



NDRangesNDRanges and Workand Work--items (contitems (cont’’d)d)

zz WorkWork--items are further grouped into items are further grouped into workwork--
groupsgroups
zz WorkWork--groups have a unique workgroups have a unique work--group IDgroup ID
zz WorkWork--items have a unique local ID within a items have a unique local ID within a 

workwork--groupgroup
zz Total number of workTotal number of work--items = items = GGxx x x GGyy

zz Size of each workSize of each work--group = group = SSxx x x SSyy

zz Global ID can be computed from workGlobal ID can be computed from work--
group ID and local IDgroup ID and local ID



Thanks!Thanks!

Questions?Questions?

shreiner@siggraph.org


