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[ eTeporeHHbIe vs TOMOreHHbIe
napannenbHble BbIYUCTIEHUS

GMCH = graphics memory control hub
ICH = Input/output control hub




UT0 Takoe OpenCL?

OpenCL (oT aHrn. Open Computing Language — OTKPbITbIN A3bIK
BbluMcreHnn) — dopenmMBOopK Ana HanncaHns KOMMbTEPHbIX
nporpamMm, CBA3aHHbLIX C NapansnesibHbIMU BblHUCIIEHNUSAMW HA
Pas3NnYHbIX rpapryecknx (aHrmn. GPU) 1 LueHTpanbHbIX Npoueccopax
(aHrn. CPU).

Llenb OpenCL - gonosniHnTb OpenGL 1 OpenAlL, KOTOpbIE ABMAKTCSA
OTKPbITbIMW OTpacneBbiMX CTaHOapTaMu Ansa TPEXMEpPHOU
KOMMNbLIOTEPHOU rpadonKn K 3BYKa, MOSb3yACb BO3MOXXHOCTAMN GPU.

KoHcopumnym Khronos Group, B KOTOPbIW BXOOAAT MHOIO KPYIMHbIX
KomMnaHun, Bkntodasi Apple, AMD, Intel, nVidia, ARM, Sun Microsystems,
Sony Computer Entertainment u gpyrue.

[lepBas Bepcus ctaHgapTa — Hoss6pb 2008 T.
Tekywaa noKyMmeHTauus -
https://www.khronos.org/registry/OpenCL/specs/opencl-2.2.pdf

[Tones3Hasa ccbinka:
http://docplaver.ru/37490743-Programmirovanie-na-opencl.html




TunoBas mogenb UCMOSIb30BaAHUSA
OpenCL

Serial and Task

Wondoads
PacnapannenueaHue no PacnapannenusaHue no
3afa4am AaHHbIM (TbICAYM NPOCTbIX
(eavHULbI/OECATKN CITOXHbIX MeAJIeHHbIX SAep).

Npoun3BoaAMTENbHbIX A0€Ep)



A3bIK nporpammMmmpoBaHnga B OpenCL

* Derived from ISO C99 (with some restrictions)

» Language Features Added
— Work-items and work-groups
— Vector types
— Synchronization

— Address space qualifiers

» Also includes a large set of built-in functions
— Image manipulation
— Work-item manipulation

— Math functions




Kak OpenCL BnguT annapartypy (nnatgopmy)

Compute Device

Processing Compute Unit
Element



[TpnHUKMN padboTbl OpenCL
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O6bI4HO OANH anemeHT Work-Group npuxoguTcs Ha oanH Compute Unit.



Ouvepenb komaHa OpenCL

Host HanpaBndaeT KoMaHgbl Ha
YyCTPOUCTBA. DTN KOMaHOb!
CTAaHOBATCS B oMepeb
aHarnornyHblx komaHg. MoXxHo
peann3oBaTb o4epenb C
cobntogeHmnem nopsiaka n 6es
cobnogeHus.




Buabl namatn B OpenCL-yCTpoOUCTBaXx

Private Private Private Private
Memory Memory Memory Memory

Work-Item Work-Item Work-Item Work-Item

Local Memory '. " Local Me .'

Workgroup Workgroup

I Global/Constant Memory !

Compute Device

Host Memory

[MporpaMMUCT OOIMKEH SIBHbIM 06pa3oM oTAaBaTb KOMaHAbl KONMPOBaHUS
AaHHbIX Mexay Local, Global n Private Memory.

hhttp://habrahabr.ru/post/55461/ - namaTb B CUDA. 9



[ loHATUE BbIMUCNNTENBHOIO KOHTEKCTA B
OpenCL

| : d ; d
| |
dp mul ’ b =
__kernelvoid - Iy
Out of

dp_mul(global const float “a, dp_mul
global const float *b, CPU program binary arg[0] value
global float *c) Order
{ Queue
in‘t id= gfet_glol?al_id(O): dp_mul arg[1] value
}c[ld] = a[id] * b[id]: GPU program binary

arg[2] value ' Compute Device

Compile code




[TloHATMe KoHTeKkcTa B OpenCL

» Query platform information

— clGetPlatforminfo(): profile, version, vendor, extensions

— clGetDevicelDs(): list of devices

— clGetDevicelnfo(): type, capabilities

» Create an OpenCL context for one or more devices

Context
cl_context

(‘

.

One or more devices
cl_device_id

Memory and device code shared by these devices
cl_mem cl_program

Command queues to send commands to these devices
cl_command_queue




Co3aaHune KoHTekcTa B OpenCL

| \ _Number

cl_platform_id platform; - _‘*retquned )

(1, &platform, NULL);

cl_device_id device;
clGetDevicelDs(platform, CL_DEVICE_TYPE_GPU, 1, &device, NULL)

cl_context context;
context = clCreateContext(NULL, 1, &device, NULL, NULL, NULL);
/| | &

Context Error | ' User | | Error |

_ properties | | callback | | data | | code |




[TpnHUKMNbI padboTbl OpenCL (Ansa 2.2):

obonoyka Ha C

1. Beibop nnatdopmbi:

clGetPlatformIDs, clGetPlatforminfo (c. 53, # 4.1)
2. Beibop ycTponcTBa:

clGetDevicelDs, clGetDevicelnfo (c. 55, # 4.2)

3. Co3pnaHune BbIMUCIUTENBLHOIO KOHTEKCTA:
clCreateContextFromType (C. 77, # 4.4)

4. Co3gaHne ovepenn KomaHa:
clCreateCommandQueueWithProperties (C. 81, # 5.1)
5. BbigeneHue namstu B Buae oydepos:
clCreateBuffer (c. 86, # 5.2.1)

6. Co3gaHne obbekTa «nporpamman:
clCreateProgramWithSource (C. 146, #5.8.1)
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[1IpocTon npumep sapa OpenCL

void __kernel void

trad_mul(int n, dp_mul(__global const float *a,
const float *a, global const float *b,
const float *b, ::global float *c)
float *c)

{ {
int i; int id = get global id(0);
for (i=0; i<n; i++)
&li] =aji] * blal: e¢lid] = @[ad] * blzd];

} // execute over n “work items”

n = 1024 — 3710 4Yncno work items.
m = 1024/cores — 9TO YNCNO work groups.

PaboTta B pamkax ogHon work group
BbIMNONTHAETCA O4HOBPEMEHHO BCEMU work
items. 1 WG —> 1 Compute Unit.
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Work group n Work item

get_work_dim()
get global size(0)
get num groups (0)

work-group

0 = get group id(0)
= 8 get local size(0)

work-item =

get local id(0)
get global id(0)




Hevuenoe 4yncno Work group?

__kernel void dp_mul(__global const float *a,

__global const float *b,
__global float *c,
int N)

int id = get_global_id (0);
if (id < N)
c[id] = a[id] * b[id];




Komnunauusa kernel

const char* source ="__kernel void dp_mul(__global const float *a, \n"
__global const float *b, \n"
__global float *c, \n"
int N) \n"
"f\n"
int id = get_global_id (0); \n"
if (id < N) \n"
c[id] = a[id] * b[id]; \n"
3\n%;
cl_program program = clCreateProgramWithSource(context, 1, &source, NULL, NULL);
|BuildProgtr aww(program 0, NULL, NULL, NULL, NULL);
cl_kernel kernel = clCreateKernel(program, “dp_mul”, NULL);
clSetKernelArg(kernel, 0, sizeof(cl_mem), (void*)&d_buffer);
clSetKernelArg(kernel, 1, sizeof(int), (void*)&N);




KonnpoBaHune gaHHbIX C/Ha device

size_t size = 100000 * sizeof(int);
int* h_buffer = (int*)malloc(size);
cl_mem d_buffer = clCreateBuffer(context, CL_MEM_READ_WRITE, size, NULL, NULL);

clEnqueueWriteBuffer(cmd_queue, d_buffer, CL_FALSE, 0, size, h_buffer, 0, NULL, NULL);

clEnqueueReadBuffer(cmd_queue, d_buffer, CL_TRUE, 0, size, h_buffer, 0, NULL, NULL);

\' Blocking; Offset Event synch




3anyck kernel

size_t localWorkSize = 256;

int numWorkGroups = (N + localWorkSize - 1) / localWorkSize;
size_t globalWorkSize = numWorkGroups * localWorkSize;

clEnqueueNDRa

ngeKernel(cmd_queue, kernel, , NULL, &globalWorkSize, &localWorkSize, 0, NULL, NULL);

NDRange
32 <+ 8 >
4 FHHHEEEHEE //A’ |
HY - e local id: (4,2)
: % ] global id: (28,10)
5ierdean: i °°
&N
n - =
i 3.
v 11

workgroup id: (3,1)

local size: 8x8=64
dimension: 2

global size: 32x32=1024
num of groups. 16



3anyck kernel

ize_t localWorkSize = 256;

int numWorkGroups = (N + localWorkSize - 1) / localWorkSize;

ize_t globalWorkSize = numWorkGroups * localWorkSize;

clEnqueueNDRangeKernel(cmd_queue, kernel, , NULL, &globalWorkSize, &localWorkSize, 0, NULL, NULL);

NDRange

kernel void square(const global float *inpute,
const global float *inputl,
__global float * out)

const int width = get global size(0);
const size t xid = get global id(®);
const size t yid = get global id(1);

const int idx= id*Width + xid;
out[idx]=input@[idx]+inputl[idx];




[TpnHUKMNbI padboTbl OpenCL (Ansa 2.2):
oboroyka Ha C

7. Komnunauna koaa:
clBuildProgram (c. 151, # 5.8.4)

CL_BUILD _PROGRAM_FAILURE = ko oLLnOKWX, TOraa BbI30OB
clGetProgramBuildinfo c aprymeHTomMm CL_PROGRAM_BUILD_LOG

8. CosnaHue «agpa» (06bekT kernel):
clCreateKernel (c. 170, #5.9.1)

9. Pabota ¢ Work-Group:
clGetKernelWorkGrouplnfo — c. 238 (# 5.9.4)
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[TpnHUKMNbI padboTbl OpenCL (Ansa 2.2):
oboroyka Ha C

10. BeinonHeHwue agpa:
clEnqueueNDRangeKernel (c. 187, # 5.10)
11. OxXugaHue BbINONHEHUA aapa:
clWaitForEvents (c. 193, # 5.11)

12. Profiling:

clGetEventProfilinglnfo (c. 201, # 5.14)
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[TpnHUKMNbI paboTbl OpenCL:
npogpamma Ha OpenCL

__global nnu global — paHHbIE B rnobanbHOM NaMSATHW.
__constant nnu constant — gaHHbIE B KOHCTAHTHOW NAMATN.
__local nnu local — paHHbIE B rTIOKanbHOW NMNaMATH.
__private unu private — JaHHble B YaCTHOWN NaMsITL.

__read_only u __write_only — kBanudukaTopbl pexunma gocrtyna.

PyHKUMM Work-Itemos:
get_local_id, get group_id n T.A4.
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