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RAEIAEME ( Memory Access Efficiency )

SIRFEESE A ( Tiled Matrix Multiplication )

SRS EANZ ( Tiled Matrix Multiplication
Kernel )

LIRS RFANAFE S ( Boundary Conditions )

- (EEK/NERERITZT R ( Tiled Kernel )
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+ FIEFHTRFHERIER CUDA L
- RFEREREREE Y
— 251788 ( Register ) . E£=ZW7F ( Shared Memory ) . £
BARTE ( Global Memory)

— 5B ( Scope ) FOEHA ( Lifetime)
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| _global  void MatrixMulKernel (float* M, float* N, float* P, int Width)
{

// Calculate the row index of the P element and M
int Row = blockIdx.y*blockDim.y+threadIdx.y;

// Calculate the column index of P and N
int Col = blockIdx.x*blockDim.x+threadlIdx.x;

if ((Row < Width) && (Col < Width)) {
float Pvalue = 0;
// each thread computes one element of the block sub-matrix
for (int k = 0; k < Width; ++k) {
Pvalue += M[Row*Width+k] *N[k*Width+Col];

}
P[Row*Width+Col] = Pvalue;
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- & /EE K CGMA ratio (Compute to Global Memory
Access ratio) : XijlA CUDA Hi% ZHWH‘.‘I%EWT—HZF?R
HZRiTEIRE.

- ITR/BELEX | RREGPU LRITEREEYF.

ELSEISPR R W NG R Bl = W 2L
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- FFEZEARGRAERTRMNBNZREREF
- ERZANEEE—IRAGFHE (4 bytes)
- 1R/E(EA1
— PITFHISE/ i EIERE (FLOPS ) J 4B/s

- (RIZGPUHEHE
— 1500 GFLOPS RIIE(EiF=it5HiEE , 200 GB/s # DRAM &
— &{& FLOPS %[ 4*1500 = 6000 GB/s
— 200 GB/s MIAFFEEISMITERERFIE 50 GFLOPS

. ilzllgiitﬁﬁl'ﬁ.llﬁﬂiﬂﬁiﬁ%ﬁfﬁﬁﬁ?ﬂﬁ’?ﬁﬂg 3.3% (50/1500)

- EEXIRELAFHELAER 1,500 GFLOPS
- FEFEXEF 30 gt E/E(SEE | RXFIEERY 1,500 GFLOPS
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o YUIRRARFRIRRER ?
— IBEiHEETo increase calculation
— IREFAZ=To improve utilization

SIENBEREFEEREN

. 2BHE
- HERF
. HTFE

SLIEY




Von-Neumann 2B AEHIFFEE

Memory [ o
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Processing Unit :
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Control Unit
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CUDA H1FRE

Grid

Block (0, 0) Block (1, 0)

oo | g |

Thread (0, 0) Thread (1, 0) Thread (0, 0) Thread (1, 0)
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« 5 shared 8% constant —iiB{EAN,
_ device ETI%AY

- Bz#hTE ( Automatic variables ) {F{ES1F=8rH
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void blurKernel(unsigned char * 1in,
int w, int h)
{

unsigned char * out,

___shared float ds in[TILE WIDTH] [TILE WIDTH];

TR
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CUDA I =R7E ( Shared Memory )

- —FMSTASEIRNNE | ERESERZR S HRIRiRE
MFER
- 54 SM /5 1 MHERE
- RZLRENE  SEERNINNEE (HEENSLESE )
- LB -SRI, MRERERMEIENTERESEK

— BT load/store G SKiIBAXERNTE
— —fhScratchpad Memory
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CUDA AfFRITEHRE

Memory

E Shared

F--- >

Global Memory «—1 1/0
Processing Unit :
Register E
File |
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A — ] |
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Control Unit

PC

IR

Processor (SM)
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NTFAIERER ( Memory Access Efficiency )

o IR%ERESEE ( Tiled Matrix Multiplication )

SRS EANZ ( Tiled Matrix Multiplication

Kernel )

LIRS RFANAFE S ( Boundary Conditions )

(E=FEMF4E

RS RANZ ( Tiled Kernel )
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531R ( Tiling ) /FBZE ( Blocking )
HEREREE

L= NTF
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« ERENRRBERSET | BOEWI LR KSERE
- BEIEZERHE
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- BRE = HIREAFEUER RIS
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Thread 1 [ >
Thread 2 [ >
Thread 3 >
Thread 4 : >
o000 o000
Thread N-3 | N
Thread N-2 | >
Thread N-1 | > >
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- HEAZ N EERENERRFNT R
« B RFASNEERFINEEIEEREF
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o« U PNEENEEZREFPIEAEIREEE
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NTFAIERER ( Memory Access Efficiency )

SIRFEESE A ( Tiled Matrix Multiplication )

PIRIEMESEEARIZ ( Tiled Matrix Multiplication
Kernel )

LIRS RFANAFE S ( Boundary Conditions )

(TEREMEEERIDRAZ ( Tiled Kernel )
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— XHFESERESMNERREUELIaERE
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- PRES N HEEREE BLOCK_SIZE
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A A, B, --- B
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1 A B. -~ B
€ Cr
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C e
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N0,0 Nu,l Nu,z Nu,j l\‘}U,U 0,1 ;_I\:% ﬁ
N NN NG o N1
N o| N2 1| N2 [ Nojs
N30 N3, 1|N32| N33

HLENLF
Moo 1 iVEg 2 Vg a8, oM | Poo|Po1|Po2
MoV VIV IV, oM Pio|Pri]Piy
M 0|Ms,1[M25 M 3 Pro| P21 P2y
M;0|M3,1|{M3,|M; 3 P3| P31 P3n
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BitE= 0 : i1 RIR(0 , 0)(SEOIXiEAX)

No,o|No,1|No2|Nojs Noo Noa| sz gz
Nio/NiiNio|Nis N0 Ny

HENF
Mo 0|Mo1|Mo2|Mos| Mo oo ;)c,c 3¢.1|Po2| Pos
M o[ My JM M3 M oV o511 | P12 | P13
M3 0|M2,1|M22| M2 3 Poo|Po1|P22| P23
M;0|M3,1|{M3,|M; 3 P3| P3| P32 P33
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BiER O : 1TRIR(0 , 0)(BEL/RIE(L)

Noo|[No,1|No2|Nojs Noo|[Not| st py77
Ny o[ Np | Ni2[Nis Nio|INit

LN AT 1A
Mo 0|Mo1|Mo2|Mos|  [Mo0|MoT eo+30/1 | Po2 | Pos
M oM M Mis] M o|MiT o+51.1| P12 | P13
M3 0|M2,1|M22| M2 3 Poo|Po1|P22| P23
M; 0| M; M3, M; 3 P3| P3| P32 P33
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N N CEIIGE | =1
20Nz Mo N | geze
N3 o NG NG NG 7o Ng |

HKENF
Mo,0|Mo,1|Mo2[Me= "?U,ZFMOQ, Poo | Po,1|Poz2 | Po3
M, oM, | IMTZVES N %PMIJ Pio|Pi1|Pi2| P13
M, 0| M;,1|M; 2| M3 3 Pyo | Pai| P22 | Pa3
M; o|Mj3 1|M3 5| M3 3 P3| P3| P32| P33
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Ny o Ny 1| Nyo Ny E\IzoNTiI L= N7
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HLENLF T [
Mo o|Mo1[Mo2|Mos|  [Mo=o= F)c,o 3.1 Po2 | Po3
M o[ My JM M3 M M= Iix—,e—-gu P12 |Pyis
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Bl MITHIER

Phase 0 Phase 1

thread, PValue ( += PValue , +=
MdSO,O*NdSO,O + MdSO,O*NdSO,O +
Mds,  *Nds; Mds, ; *Nds, ,

thread, PValue ; += PValue, ; +=
MdSO,O*NdSO,l + MdSO,O*NdSO:I T
MdSO,l*NdSI,l MdSO,l*Ndsl,l

thread, , PValue, , += PValue, o +=
Mdsl,O*NdSO,O + MdSI,O*NdSO,O +
Mdsl,l*Ndsl,O Mdsl,l*Ndsl,O

thread, , PValue, ; += PValue, ; +=

Mds, (*Nds, ; +
Mds; ;*Nds; ;
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Bl MITHIER

Phase 0 Phase 1

thread, PValue, o += PValue,, +=
'@i Nds o+ Mds o *Ndsg o +
Mds,  *Nds; Mds, ;*Nds;

thread, PValue ; += PValue, ; +=
VI *NdSO,l + MdSO:O*NdSO?l +
\Y[e SO,l*Ndsl,l MdSO,l*Ndsl,l

thread, , PValue, , += PValue, o +=
Mdsl,O*NdSO,O + MdSI,O*NdSO,O +
Mdsl,l*Ndsl,O Mdsl,l*Ndsl,O

thread, , PValue, ; += PValue, ; +=

%@t&ﬁ&*&
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Mds, (*Nds, ; +
Mds; ;*Nds; ;

Mds; (*Nds, ; +
Mds; ;*Nds; ;

time
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- WFEAEREE ( Memory Access Efficiency )

o DIRAEFGESE L ( Tiled Matrix Multiplication )

o DRFEEFE AR (( Tiled Matrix Multiplication
Kernel )

- QRSB R SEME ( Boundary Conditions )

o (FEFEMELEERIDRAZ (Tiled Kernel )
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EAIEFFEMAYSS HO(FiER 0)

— UBNEIEESHE P StE=HEE
HIEXIZ S 0E— MR M RITT
=0— 1B N BITTE.

int Row = by * blockDim.y + ty;
int Col = bx * blockDim.x + tx;

2D indexing for accessing Tile O:
[ M]Rowl|ftx] |
N[ty][Col]

WIDTH

N
P
« —»
TILE_WIDTH
WIDTH

TILE_WIDTHE

WIDTH

WIDTH
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EAZEPENRYST RO (FER 0)

B NEIEE SR P JTEER
HIEXI AL EINE— 1B M BITT
= 0—1ERE N BITTE.

int Row = by * blockDim.y + ty;
int Col = bx * blockDim.x + tx;

2D indexing for accessing Tile O:
M[Row][tx]

NTty[[Col] ]
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EAEREMBY S A1 (BER 1)

2D indexing for accessing Tile 1.

M[Row][1*TILE_ WIDTH + tx]
LrRITI'*'W'EE"WTDTF!_H y][Col]

$ & kg
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AN R 1(BER 1)

2D indexing for accessing Tile 1:
M[Row][1*TILE WIDTH + tx]
N[1*TILE*WIDTH + ty][Col]
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P IREREEEAIZ

__global__ void MatrixMulKernel(float* M, float* N, float* P, Int Width)
{

_shared  float ds M[TILE WIDTH] [TILE WIDTH] ;
shared  float ds_N[TILE WIDTH] [TILE WIDTH];

int bx = blockIdx.x; int by = blockIdx.y;
int tx threadIdx.x; int ty = threadIdx.y;

int Row = by
int Col = bx
float Pwvalue

blockDim.y + ty;
blockDim.x + tx;
0;

/
for (int p = 0; p < WIDHT/TILE_WIDTH; ++p) {

// Collaborative loading of M and N tiles into shared memory
ds M[ty] [tx] = M[Row*Width + p*TILE WIDTH+tx];

ds N[ty] [tx] = N[ (p*TILE WIDTH+ty)*Width + Col];
__syncthreads() ;

for (int i = 0; i < TILE WIDTH; ++i)Pvalue += ds M[ty][i] * ds _N[i] [tx];
__synchthreads() ;

}

P[Row*Width+Col] = Pvalue;
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P IREREEEAIZ

__global__ void MatrixMulKernel(float* M, float* N, float* P, Int Width)
{

__shared  float ds_M[TILE WIDTH] [TILE WIDTH];
__shared  float ds_N[TILE WIDTH] [TILE WIDTH];
int bx = blockIdx.x; int by = blockIdx.y;
int tx threadIdx.x; int ty = threadIdx.y;

int Row = by * blockDim.y + ty;
int Col = bx * blockDim.x + tx;
float Pvalue 0;

// Loop over the M and N tiles required to compute the P element
for (int p = 0; p < WIDHT/TILE_WIDTH; ++p) {
// Collaborative loading of M and N tiles into shared memory
ds M[ty] [tx] = M[Row*Width + p*TILE WIDTH+tx];
ds N[ty] [tx] = N[ (p*TILE WIDTH+ty) *Width + Col];
__syncthreads() ;

for (int i = 0; i < TILE WIDTH; ++i)Pvalue += ds M[ty][i] * ds _N[i] [tx];
__synchthreads() ;

}

P[Row*Width+Col] = Pvalue;
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P IREREEEAIZ

__global__ void MatrixMulKernel(float* M, float* N, float* P, Int Width)
{

__shared  float ds_M[TILE WIDTH] [TILE WIDTH];
__shared  float ds_N[TILE WIDTH] [TILE WIDTH];
int bx = blockIdx.x; int by = blockIdx.y;
int tx threadIdx.x; int ty = threadIdx.y;

int Row = by * blockDim.y + ty;
int Col = bx * blockDim.x + tx;
float Pvalue 0;

// Loop over the M and N tiles required to compute the P element
for (int p = 0; p < WIDHT/TILE_WIDTH; ++p) {
// Collaborative loading of M and N tiles into shared memory
ds M[ty] [tx] = M[Row*Width + p*TILE WIDTH+tx];
ds N[ty] [tx] = N[ (p*TILE WIDTH+ty) *Width + Col];
__syncthreads() ;

for (int i = 0; i < TILE WIDTH; ++i)Pvalue += ds M[ty][i] * ds _N[i] [tx];
__synchthreads() ;

}

P[Row*Width+Col] = Pvalue;
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// Loop over the M and N tiles required to compute the P element
for (int p = 0; p < WIDHT/TILE WIDTH; ++p) {
// Collaborative loading of M and N tiles into shared memory
ds_M[ty] [tx] = M[Row*Width + p*TILE WIDTH+tx];

__syncthreads() ;

for (int i = 0; i < TILE WIDTH; ++i)Pvalue += ds M[ty][i] * ds_N[i][tx];
__synchthreads () ;

}
P[Row*Width+Col] = Pvalue;

IBZaHE— 1B =1 __syncthreads()EREIHIER.
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- BIMEERNZESRSEE
— TILE_WIDTH 73 16 HH&IEREE 16*16 = 256 N&iE
— TILE_WIDTH 73 32 Y& IEIRE S 32*32 = 1024 M &iE

- SHIEREE 160, FEAONE , BIGERNERNEFRH

2*256 = 512 RiZ = i\?,)\ BT 256 * (2*16) = 8,192 ))’Ef,ﬁ/
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- 118/8E(5tk CGMA=?

. HEEREENI2E , EENE , B/ SERAL BRI
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- 84 SM #if5 16KB HHEE=R=F
- HERAEXNDVRFEMBE
— 24 TILE WIDTH = 16 R¢
- BIMEIEREANESAFEANNS 24256*4B = 2KB
+ ¥JF 16KB HHEZ=RTE , Al ERS SN EIERNIT
— 4 TILE WIDTH = 32 ¢
- BIMEIEREAIESAFEKNA 2%32*32*4 Byte= 8K
Byte , fo1F 2 NMEERFEIRGCFHITIRE
- (BX , BRIAIGPU R4 SM RI1536 1N &iE. SM &I
FRENSES SM BIEIEREUF L E] 1 4!
« IR _syncthread() GERVEIERPEEEIERIEE
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- WFEAEREE ( Memory Access Efficiency )

o DIRAEFGESE L ( Tiled Matrix Multiplication )

o DRFEEFE AR (( Tiled Matrix Multiplication
Kernel )

o RMBESERFAIOFRZZME ( Boundary Conditions )

« (EEIEMFHERERIDIRAIZ ( Tiled Kernel )
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WIBEE K RUIERE

- EIEmAL , RENSRERSREARREELIER T (
Width ) 253 R=E ( TILE WIDTH ) (523897504
- 780 , LN AREFFELIBEE R RIIER.
- JLUSITHIZIER (i&NxEx ) RRAXDREE , (BRF~E
X ENZRFHERERNEFHE.
- BAMSREN—MA—ERGIE.
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- BYERERA
— M[Row][p*TILE_WIDTH+tx]
— M[Row*Width + p*TILE_WIDTH +1tx]
- F=E2EEN
— (Row < Width) && (p*TILE_WIDTH +tx < Width)
- WMRAE , BNEEM TR
- WMRAEB, BANEO
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BNRIEEAN
— N[p*TILE_WIDTH+ty][Col]
— N[(p*TILE_WIDTH+ty)*Width+ Col]
= PN
— (p*TILE_WIDTH+ty < Width) && (Col< Width)
- WMRAE , BAFEME N TH=
- WMRAEB, BANEO
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« 8 for(intp=0;p < (Width-1) / TILE.WIDTH + 1; ++p) {

«  ++ if(Row < Width && t * TILE_WIDTH+tx < Width) {

-« 9 ds_M[ty][tx] = M[Row * Width + p * TILE_WIDTH + tx];
c  ++ } else {

o ++ ds_M[ty][tx] = 0.0;

s  ++ }

. 4+ if (o*TILE_WIDTH+ty < Width && Col < Width) {

« 10 ds_N[ty][tx] = N[(p*TILE_WIDTH + ty) * Width + Col];
c  ++ } else {

o ++ ds_N[ty][tx] = 0.0;

s  ++ }

« 11 _ syncthreads();

(o) e o m k¥
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« ++ if(Row < Width && Col < Width) {

e 12 for (inti=0;i < TILE WIDTH; ++i) {

- 13 Pvalue += ds_M[ty][i] * ds_N[i][tx];
. }

« 14 _ syncthreads();

« 15 } /* end of outer for loop */

« ++ if (Row < Width && Col < Width)

« 16 P[Row*Width + Col] = Pvalue;

. } /* end of kernel */

(o) e o m k¥
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ANY QUESTIONS?
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