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* OpenCL (Open Computing Language OTKPbITbIN S3bIK
BbIUMC/IEHNW) NpeacTaBAseT cobom hpenMBOpPK A1
HannMcaHnsa KOMMbOTEPHbIX MPOrpamMm, CBA3aHHbIX C
napasiiesibHbIMU BbIUUCIEHNAMMN Ha rpadonyeckux u
LeHTpasibHbIX npoueccopax. OpenCL aBnaeTcs
MOJIHOCTbLIO OTKPbITbIM CTAHAAPTOM, €ro
MCNoJib30BaHNe He obnaraeTcs JIMUEH3NOHHbIMU
OTYUC/IEHUAMMWN.

* OpenCL pa3pabaTbiBaeTca 1N noganep>xmsaeTcs
HekoMMepyeckon opraHusaumen Khronos Group, B
KOTOPYH BXOAAT Takme komnaHuun, kak AMD, Intel,
nVidia, Sun Microsystems, Apple n Sony Computer
Entertainment.
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OpenCL Timeline

- Six months from proposal to released specification
- Due t0 a strong nhiklproposaland a shared comm excialncentive to work

qurkly

-Apple’s Mac OS X Snow Leopard will include OpenCL

- In provig speed and responsieness fora w de specttum ofapplcatons

- Multiple OpenCL implementations expected in the next 12

months
- On dwverse phtom s
OpenCL
Apple works working
with AMD, group
Intel, NVIDIA develops
and others on draft into

draft proposal cross-vendor

Khronos
publicly
releases
OpenCL as
royalty-free

| Junos specification Octo8 specification May09
t t Dec08 t
Apple proposes Working Khronos to
OpenCL Group sends release
working group completed conformance tests
and c(cj)nt][ibutes dgaft to to ensurle high-
raft Khronos quality
specification to Board for implementations
Khronos Ratification



Monanens OpenCL

Platform Model
Memory Mode

Execution Model
Programming Model



OpenCL Platform Model

Processing

Element \

Host

Goriviube Link Compute Device

- One Host + one or more Compute Devices
- Each Com pute Device 5 com posed ofone orm ore Com pute Units
- Each Com pute Unit s furtherdwided nto one orm ore Processing E lem ents




OpenCL Memory Model

- Shared memory model

] Private Private Private Private
- Rehxed consstency Memory Memory Memory Memory
1 1 1 1
- - . Work Item 1 Work ltem M Work Item 1 Work Iltem M
- Multiple distinct address spaces i | i

- Address spaces can be colapsed Compute Unit 1 Compute Unit N

depending on the devie’s m em ory
subsystem
Local Memory Local Memory

- Address spaces
s shopee o a ok

- Local-bcalto a work-gmup Compute Device
- G bbal-accessbk by allwork-iem s n all
w oxk-groups I

- Constant-rad onky gbbalspace

- Implementations map this hierarch§°mpute Pevice Memory
- To avaibbk phystralm em ores



Memory Consistency (section 3.3.1)

- OpenCL uses a “relaxed consistency memory model”
- State ofmem oy vsbEk t© a work-item notguamnteed o be
consstentacrss the colecton ofwork—tem s atalltm es

- Memory has load/store consistency within a work-item

- Local memory has consistency across work-items within a work-
group at a barrier

- Global memory is consistent within a work-group at a barrier, but
not guaranteed across different work-groups

- Memory consistency for objects shared between commands
enforced at synchronization points



OpenCL Execution Model

- OpenCL Program:

- Kemek
- Bast unitofexecutabk code — sin jhrto C functons,CUDA kemelk, etc.
- Datapamrmlelortaskparalel

- HostPmogram
- Colecton ofcom pute kemek and ntemalfunctons
- Anabgous 0 a dynam t lbrary

- Kernel Execution
- The hostprmogram nvokes a kemeloveran ndex space caled an NDRange
- NDRange, “N-D mensbnalRange”,can be a 1D, 2D ,0r3D space

- A sihgk kemelnstance ata pontn the ndex space & caled a work-item
- W oxk-item s have unijue gbbalD s from the ndex space

- W oxk-item s are furthergmouped nto work-groups
- W ork-grmoups have a unue work-group D
- W oxk-tem s have a unque bcalD w ihn a work-group



Kernel Execution
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- Total number of work-items = G, * G,

- Size of each work-group =S, *S,

work-group size Sy

- Global ID can be computed from work-group ID and local ID



Contexts and Queues

- Contexts are used to contain and manage the state of the
“world”

- Kernels are executed in contexts defined and manipulated by
the host

Devres
- Kemelk -0 penCL functons
- Program obgcts —~kemelsource and executabk
- Memory obgcts

- Command-queue - coordinates execution of kernels

- Kemelexecuton com m ands

- Memory commands: Transferorm ap m em ory obgctdata

- Synchmnrkzaton comm ands: Constran the oerofcom m ands

- Applications queue instances of compute kernel execution
- Queued n-oxer

- Executed n-orderoroutoforer

- Events are used to synchmonizaton executon nstances as appmoprate



Programming Model

Data-Parallel Model

- Must be implemented by all OpenCL compute devices

- Define N-Dimensional computation domain
- Each ndependentekm entofexecuton n an N-D imn ensbnaldom an s caled a
w OXk—1em
- N-Dinensbnaldom an defnes total# ofwork-item s thatexecute n parmlel
= gbbalwolk sxze

- Work-items can be grouped together — work-group
- W ork—item s 1 grmoup can com m untate w ih each other
- Can synchmnize executbn am ong woxk-iem s i group t© coordnate m em ory
access

- Execute multiple work-groups in parallel
- M appng ofgbbalwork sze t©o work-gmoup can be m plciorexplci



Programming Model

Task-Parallel Model

- Some compute devices can also execute task-parallel compute
kernels

- Execute as a single work-item
- A com pute kemelwrtten n O penCL
- A native C /C++ functon



Basic OpenCL Program Structure

- Host program

Q uery com pute devres

_-_Create contexts

- Create m em ory obgcts associhated to contexts

Com pik and crate kemelprmgram obgcts
Issue comm ands t© com m and-queue
Synchmnzaton ofcomm ands

C kan up O penCL resources

v

- Kernels

- C code w 1h som e restrrctons and extensons

v

v

Platform Layer

Runtime

Language



OpenCL C Language Restrictions

Ponters o functons notalbwed

Ponters to ponters albwed w ithn a kemel, butnotas an argum ent
B =feds notsupported

Varabk-kEngth amays and stmuctures notsupported

R ecurson notsupported

W res o a ponteroftypes Ess than 32-binotsupported

D oubk types notsupported, butreserved

3D In age wres notsupported

Som e restrrtons are addressed thmough extensons



OpenCL vs. CUDA

* C PbrCUDA KemelCode:
__global __ void
vector Add(const float * a, const float * b, float * c){
/'l Vector elenent index
I nt nlndex = bl ockldx.x * blockDim x + threadl dx. Xx;
c[nl ndex] = a[nlndex] + b[nlndex];

}
* OpenCL KemelCode

__kernel void
vect or Add(__gl obal const float * a,
__global const float * b,
__gl obal float * c){
/] Vector elenent index
I nt nlndex = get gl obal id(0);
c[ nl ndex] = a[nlndex] + b[nlndex];



Pa3mepbl rpynn u cetu B OpenCL

* get local i1d()

« get _work dim)

 get gl obal size()
 get gl obal id()



OpenCL vs. CUDA. NHuynanunsauusa

* CUDA
culnit(0);
cubDevi ceGet ( &Devi ce, 0);
cuCt xCr eat e( & Cont ext, 0, hDevice);
* OpenCL
cl _context hContext;
hCont ext = cl Creat eCont ext Fromlype( 0, CL_DEVI CE TYPE GPU,
0, 0, 0);
size t nContextDescriptorSize;
cl Get Cont ext I nf o( hCont ext, CL_CONTEXT_ DEVI CES,
0, 0, &nContextDescriptorSize),;
cl _device id * aDevices = mall oc(nContextDescriptorSize);
cl Get Cont ext I nf o( hCont ext, CL_CONTEXT_ DEVI CES,
nCont ext Descri ptor Si ze, aDevices, 0);
cl _command _queue hCndQueue;
hCndQueue = cl Creat eCommandQueue( hCont ext, aDevices[O0], 0,0);



OpenCL vs. CUDA. Co3paHue agpa

* CUDA

CUnodul e hModul e;

cuModul eLoad( & Mbdul e, “vect or Add. cubi n”);

cuMbodul eGet Functi on( &hFuncti on, hMdul e, "vector Add"),;

- OpenCL Kopa, oumnbku
cl _program hProgram Konnyectso CTpOK\
hProgram = cl Creat eProgranmWt hSour ce( hCont ext, 1,

sPrograntource, 0, 0);
cl Bui | dProgram hProgram 0O, NULL, NULL, NULL, NULL);

cl _kernel hKernel; Koa, owwnbky \
— d” O) ;

hKernel = cl Creat eKernel (hProgram “vectorAdd”,



OpenCL vs. CUDA. BbigeneHme namaTu

* CUDA

CUdevi ceptr pDevMemA, pDevMenB, pDevMentC

cuMemAl | oc( &DevMemA, cnDi nension * sizeof (float));
cuMenmAl | oc( &DevMenB, cnDi nension * sizeof (float));
cuMemAl | oc( &DevMenC, cnDi nension * sizeof (float));

/| copy host vectors to device

cuMencpyH oD pDevMemA, pA, cnDinmension * sizeof (float));
cuMencpyH oD pDevMenB, pB, cnDi nmension * sizeof (float));



OpenCL vs. CUDA. BbigeneHme namaTu

°* OpenCL
cl _mem hDevMemA, hDevMenB, hDevMen(C,
hDevMemA = cl Cr eat eBuf f er (hCont ext,
CL_MEM READ ONLY | CL_NMEM COPY_HOST _PTR
cnD nension * sizeof(cl _float),
PA,
0): « — Kopg owimnbku
cl Creat eBuf f er (hCont ext,
CL_MEM READ ONLY | CL_NMEM COPY_HOST _PTR
cnD nension * sizeof(cl _float),
PA,
0), « —  ———————— Kopa owmbku
cl Creat eBuf f er (hCont ext, \

hDevMenB

hDeviMentC

CL_VEM VRI TE_ONLY,
cnD nension * sizeof(cl float),0, 0);



OpenCL vs. CUDA. NapameTpbl aapA

° CUDA
cuParanteti (cuFunction, 0, pDevMemA);
cuParanteti (cuFunction, 4, pDevMenB);
cuParanteti (cuFunction, 8, pDbevMen();
cuPar antet Si ze( cuFunction, 12);

° OpenCL:

cl Set Ker nel Arg(hKernel, 0, sizeof(cl_nem,
(void *)&DevMem) ;

cl Set Ker nel Arg(hKernel, 1, sizeof(cl_nem,
(void *)&DevMenB) ,

cl Set Ker nel Arg(hKernel, 2, sizeof(cl_nem,
(void *) &DevMen(C) ;



OpenCL vs. CUDA. 3anyck aaps

° CUDA

cuFuncSet Bl ockShape(cuFuncti on, cnBl ockSi ze, 1, 1);
cuLaunchGid (cuFunction, cnBl ocks, 1);

°* OpenCL

cl EnqueueNDRangeKer nel ( hCndQueue, hKernel, 1, O,
&nDi nensi on, &cnBl ockSize, 0, 0, 0);



OpenCL vs. CUDA. Bo3Bpar pe3synbrarta

° CUDA

cuMencpyDt oH( (voi d*) pC, pDevMenC,
cnDi nensi on*si zeof (fl oat));

* OpenCL

cl EnqueueReadBuf f er (hCont ext, hDeviceC, CL TRUE, O,
cnDi nension * sizeof(cl _float),
pC, 0, 0, 0);



OcB0OOXAEHUE pecypcoB

°* OpenCL

cl Rel easeMentbj ect ( hDevMenn) ;

cl Rel easeMentbj ect ( hDevMenB) ;

cl Rel easeMenbj ect ( hDevMencC) ;

free (aDevices);

cl Rel easeKernel (hKernel);

cl Rel easeProgram ( hProgram;

cl Rel easeCommandQueue ( hCrdQueue);
cl Rel easeCont ext (hContext);



Pecypcbl OpenCL

* Khrmnos O penCL Hom epage
http: /Avww khmonos org/opencl

* OpenCL 1.0 Specifraton
http: /Ayww khmonos org fegstry £1

* OpenCLatNVID A
http: /Avyww nvdia com Obectuda openclhim 1
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