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ApxuteKktypa SIMT (Single-Instruction, Multiple-Thread)

Streaming Multiprocessor (SM) NVIDIA GeForce 680 (GK104, Kepler)
192 cores, 32 special function units,

32 LD/ST units, 4 warp schedulers

PCI Express 3.0 Host Interface

= B/I0KM NOTOKOB pacnpeaenatTca no SM

= Ecam yncno 6N10KoB MeHblue Konmnyectsa SM,
TO YacTb npoueccopos GPU npocTtansaer

iajjonuon fowapy

" MopAaaoK BbiNnoAHeHNA BN1OKOB 3apaHee HEN3BECTEH —
anroputmbl ana GPU He AonXHbl 6bITb YyBCTBUTEbHbI
K NOpAAKY BbINO/sHEHNA BNOKOB
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ApxuteKktypa SIMT (Single-Instruction, Multiple-Thread)

Streaming Multiprocessor (SM)
192 cores, 32 special function units,

NVIDIA GeForce 680 (GK104, Kepler)

PCI Express 3.0 Host Interface

32 LD/ST units, 4 warp schedulers o comwesseee ]

GPC

®" B/10OKM Ha3Ha4vyeHHble Ha SM niornyecku pasbusatoTca = || === ===

Ha rpynnbl (warps) no 32 NoToKa

iajjonuon fowapy

Memory Controller

= [lOoTOKM BCeraa ogMHaKoBO pacnpeaenatoTca
no warp-am (aetepmnmHMpoBaHoO, Ha 6base Homepa
NOTOKa)

= Ecnm pa3mep 6/10Ka He KpaTeH pa3mepy rpynnbi,
TO nocneaHAA rpynna (warp) notokoB 610KMpyeTcA
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ApxuteKktypa SIMT (Single-Instruction, Multiple-Thread)

Streaming Multiprocessor (SM)
192 cores, 32 special function units,
32 LD/ST units, 4 warp schedulers

NVIDIA GeForce 680 (GK104, Kepler)

PCI Express 3.0 Host Interface

= [MnaHupoBwumK (warp scheduler) 3anyckaer
Ha BbINOJIHEHME rPYNMNy NOTOKOB, Y KOTOPbIX K FOTOBbI»
BXOAHbIE AAHHbIE

18jjonuog fiowspy

Memory Controller

" Bce aKTMBHbIE NOTOKM FPYMnbl B KaxKAblA MOMEHT
BPEMEHM BbIMNO/IHAIOT OAHY U TY e UHCTPYKL MO

" [1NaHUPOBLLUK BbINOAHAET NEPEKAOUYEHNE KOHTEKCTA
MeXKAY rpynnamm noToKos

Jejjonuog Aowsaly
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ApxuteKktypa SIMT (Single-Instruction, Multiple-Thread)

Streaming Multiprocessor (SM) NVIDIA GeForce 680 (GK104, Kepler)
192 cores, 32 special function units,

32 LD/ST units, 4 warp schedulers

PCI Express 3.0 Host Interface

Control Flow Divergence

" Bce NOTOKM rpynnbl B KaXKAblh MOMEHT BpEMEHM
BbIMO/THAIOT OAHY U TY }Ke UHCTPYKLUIO

Memory Controller
iajjonuon fowapy

" Y10 ec/im NOTOKU ynpaB/ieHUA pacxoasaTca?

__global _ void kernel()

{ : NMoToKu rpynnbl
if (val < 50) { p\é
// branch 1 BbINONHAIOT 06e BeTBU §
5 2
} else { [MOTOKM, KOTOPbIE HE AONXHbI 2 g
// branch 2 § :
) BbIMONHATb BETBb, 610KNpPYLOTCA :

http://www.nvidia.com/content/PDF/product-
specifications/GeForce GTX 680 Whitepaper FINAL.pdf



http://www.nvidia.com/content/PDF/product-specifications/GeForce_GTX_680_Whitepaper_FINAL.pdf

ApxuteKktypa SIMT (Single-Instruction, Multiple-Thread)

Streaming Multiprocessor (SM)
192 cores, 32 special function units,
32 LD/ST units, 4 warp schedulers

NVIDIA GeForce 680 (GK104, Kepler)

PCI Express 3.0 Host Interface

Control Flow Divergence

iajjonuon fowapy

__global__ void kernel()
{

if (val < 50)
// branch
// branch
// branch
} else {
// branch
// branch
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NVIDIA GeForce 680 (GK104, Kepler microarch.)

PCI Express 3.0 Host Interface

4 Graphics Processing Clusters (GPC)

2 Streaming MUltipI"OCQSSOF (SMX)

Streaming Multiprocessor (SMX)
192 cores, 32 special function units,
32 LD/ST units, 4 warp schedulers

Memory Controller
Jajjonuog Mowapy
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UHPopmauma 06 yctpouctse (cngpul)

./deviceQuery Starting...
CUDA Device Query (Runtime API) version (CUDART static linking)
Detected 1 CUDA Capable device(s)

Device 0: "GeForce GTX 680"
CUDA Driver Version / Runtime Version 7.5/ 7.5
CUDA Capability Major/Minor version number: 3.0
Total amount of global memory: 2048 MBytes (2147287040 bytes)
( 8) Multiprocessors, (192) CUDA Cores/MP: 1536 CUDA Cores
GPU Max Clock rate: 1058 MHz (1.06 GHz)
Memory Clock rate: 3004 Mhz
Memory Bus Width: 256-bit
L2 Cache Size: 524288 bytes
Warp size:
Maximum number of threads per multiprocessor:
Maximum number of threads per block:
Max dimension size of a thread block (x,y,z): (1024, 1024, 64)
Max dimension size of a grid size (x,y,z): (2147483647, 65535, 65535)

/opt/NVIDIA_CUDA-7.5_Samples



Uepapxma NOTOKOB

Grid = CetKa notokos (1D, 2D, 3D) — coBOKynHOCTb 6/10KOB
Block (O 0) | Blodc(1,0) Block (2 0) NMOTOKOB

, = CeTKa notoKos, CUDA-nporpamma, BbinonHaetca GPU
Block (0 1" Blode (1, 1) "Nglock (2, 1)

Bock(L1) " = baok notokos (1D, 2D, 3D) — cOBOKYNHOCTb NOTOKOB

" BNOKKM pacnpeaenarTca No NOTOKOBbIM
MYNbTUNPOLLeCCoOpam

Device ©: "GeForce GTX 680"




Uepapxma NOTOKOB

* MpeponpeaeneHHble NnepemMeHHble

o threadIdx.{x, y, z} -
HOMepP NOTOKa B 610Ke

o blockDim.{x, y, z} -
pa3mepHOCTb 610Ka

o blockIdx.{x, y, z} —
Homep 6/10Ka B ceTKe

= 3aaHUe CTPYKTYPbl CETKU

mykernel<<<B,T>>>(argl,

o B —cTpyKkTYypa ceTku
o T —cTpyKTypa 6210Ka

gridDim.y <
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CnoxxeHue matpuu: CPU

I
+

void matadd host(float *a, float *b, float *c, int m, int n)
{
for (int 1 = 0; 1 < m; i++) {
for (int j = 0; j < n; j++) {
int idx = 1 * n + j;
c[idx] = a[idx] + b[idx];



" O,EI,HOMeprIe ceTKka 6/10K0B MOTOKOB U OAHOMEpPHbIE

1D-ceTKa u3
3-x 1D-6/10K0B NOTOKOB

__global  void matadd(const float *a, const float *b, float *c, int m, int n)

{

CnoxXeHue matpuuy: CUDA 1D

Ka*Kablh NOTOK Bbl4UCAAET OAUH dN1eMEHT
c[i * n +j] maTpuupl

6/10KM MOTOKOB

A B
= +
ThreadglobalID | O |12 |3|4|5]|6 10(111(12113|14(15(16|17|18|19(20(21|22 |23
1
threadldx.x |0 | 1|2 |3|4]|5]|6 2|13|4|5|6|7|0|1|2|3|4|5]|6]|7
blockldx.x =0 blockldx.x =1 blockldx.x = 2

int idx = blockIdx.x * blockDim.x + threadIdx.x;
if (idx < m * n)
c[idx] = a[idx] + b[idx];

int threadsPerBlock = 1024;

int blocksPerGrid =(ROWS * COLS + threadsPerBlock - 1) / threadsPerBlock;
matadd<<<blocksPerGrid, threadsPerBlock>>>(d_A, d_B, d_C, ROWS, COLS);




__global _ void matadd(const float *a, const float *b, float *c,

{

CnoxeHue matpuuy: CUDA 2D

Ka)kaplh MOTOK BblUMCAAET OAMH
anemeHT cfi * n + j] maTpuupl

2D-ceTKa 6/10KOB NOTOKOB
n 2D-610KM NOTOKOB

int x
int y
int idx =y * n + Xx;

if (idx < m * n) c[idx] = a[idx] + b[idx];

int threadsPerBlockDim = 32;

blockldx.x =0  blockldx.x=1  blockldx.x = 2 blockldx.x = 3
0,0) | (1,0) | 20) | 0,0 | (1,0) | 20 | (0,0 | (1,0) | 2,0) | (0,0) | (1,0) | (2,0)
01 | (L) | 21Oy | @y | )]0y @) | @101 @) @1
02 | 12| 22102 | 12| 2202 | @2 | @202 12| @22
0,0) | (1,0) | 20) | ©0,0) | (1,0) | 20) | (0,0 | (1,0) | 2,0) | (0,0) | (1,0) | (2,0)
01 | L) | 2oy | @y | )o@y ]| @) @) @1
02 | @2 | 22102 | 12| 2202 | a2 | @202 12| @22

blockIdx.x * blockDim.x + threadIdx.x;
blockIdx.y * blockDim.y + threadIdx.y;

dim3 blockDim(threadsPerBlockDim, threadsPerBlockDim, 1);
int blocksPerGridDimX = ceilf(COLS / (float)threadsPerBlockDim);
int blocksPerGridDimY = ceilf(ROWS / (float)threadsPerBlockDim);

dim3 gridDim(blocksPerGridDimX, blocksPerGridDimY, 1);

matadd<<<gridDim, blockDim>>>(d_A, d_B, d_C, ROWS, COLS);

int m, int n)

// Grid: X x Y x Z=1

// Blocks: X x Y x Z=1

threadldx.x
threadldx.y

blockldx.y =0

blockldx.y = 1



YMHoOXeHue martpuy (CPU)

void sgemm_host(float *a, float *b, float *c, int n)
{
for (int 1 = 0; 1 < n; i++) {
for (int j = 0; j < n; j++) {
float s = 0.0;
for (int k = 0; k < n; k++)
s += a[i * n + k] * b[k * n + j];

c[i *n+ j] = s;




YMHo}KeHune matpuu, (CUDA)

= KaxKabl¥ NOTOK BbIYUCAAET OAUH 3/IEMEHT pe3yabTupytowwen matpuubl C
= O6uwee yncno notokos N * N

__global  void sgemm(const float *a, const float *b, float *c, int n)

{

int row
int col

blockIdx.y * blockDim.y + threadIdx.y;
blockIdx.x * blockDim.x + threadIdx.x;

if (row < n & col < n) {
float s = 0.0;
for (int k = 0; k < n; k++)
s += a[row * n + k] * b[k * n + col];
c[row * n + col] = s;

int threadsPerBlockDim = 32;

dim3 blockDim(threadsPerBlockDim, threadsPerBlockDim, 1);

int blocksPerGridDimX = ceilf(N / (float)threadsPerBlockDim);
int blocksPerGridDimY = ceilf(N / (float)threadsPerBlockDim);
dim3 gridDim(blocksPerGridDimX, blocksPerGridDimY, 1);
sgemm<<<gridDim, blockDim>>>(d_A, d B, d C, N);

C

http://users.wfu.edu/choss/CUDA/docs/Lecture%205.pdf
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