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1. CPU: Intel(R) Xeon(R) Gold 5218 CPU @ 2.30GHz

2. GPU: Tesla V100-PCIE-32GB

3. OS: Ubuntu-18.04.1

4,  GPU Driver: 440.64.00

5. CUDA Version: 10.2

6. cuDNN Version: v9.0.176

= XRES
F CUDA SE3L— A~ —4EBBUN L (A, I FLFT CPU R ¢ BN B BRI AT X He o




W, LRAELIE

1 LI )R 2

—HERBITERE:

RAVKA REEF A FEFE E X (LA X Cross-Correlation)

NRET T

HGj) = ZZ F(m, mG(i + m, j + n)
HERNEMGDZ B RITETL T X, FTURMNS T URAFTITERNR A E. RIOEF %
BAUTE—AMHOGDRERTUGE TEER, EZHEPMAR BT URAOHT, UREETF

K

2. BRHFHRAHTE

X T R LR RN F RN, RN2BMRARTANE, EMRALEN
— AR 2 EHATR L. FIRE T o R, SRS £ BB g, BURth Bk
5T —ABARTIE (B —MARE LS cudon 8 B B REMEHTIED o

AT HETHNAAN, B K% HAHFTRILEX

i X
N batch size
C channel number
H KeEw
w &
K B E

R ERE®




S EBER

U HEREBT W EHF K
v ARERF WP K
P ARAERF W Ly
Q AREFF W Ly
Oh ERERE
Ow BERERK

(1) A 0: A& LA
AR 22N FN T AL, FMEERFFFTAE m 1o FEEF, AEART K
WRIEI, FFEHBMAN T HE, BATT U A F b0 RAe e e oh — R4

_global _ void conv(int M, int N, int K, float *A, float *B, float *C){
int m = blockIdx.x * 16 + threadIdx.x;
int n = blockIdx.y * 16 + threadIdx.y;
if (m < M & & n < N){

float sum = 0.0;
for (int 1 = 0; i < k; ++i){
sum += A[m * K + i] * B[1i * N + n];
}
C[m * N + n] = sum;
}
¥

int main(){
dim3 block(16, 16);
dim3 grid((M + 16 - 1) / 16, (N + 16 - 1) / 16);
conv<<<grid, block>>>(M, N, K, A, B, C)

}
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for (int i = @; i < param.r; i++)
{
for (int j = 0; j < param.s; j++)

{




int posh_real = posh ori + i;

int posw_real = posw_ori + j;

if (posh_real >= @ && posw_real >= 0 & & posw_real < param.w && posh_real < par
am.h)

int inOffsetTmp = inOffset;
int weiOffsetTmp = weiOffset;
for (int channel = 0; channel < param.c; channel++)

{

sum += param.input[inOffsetTmp + i * param.w + j] * param.weight[weiOf
fsetTmp + i * param.s + j];

inOffsetTmp += inChannelOffset;

weiOffsetTmp += weightChannelOffset;
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for (int i = @; i < param.r * param.s * param.c; i++)

{
int weiOffsetTmp = i;
int curC = i / (param.r * param.s); // input channel offset
int curR = (i % (param.r * param.s)) / param.s; // kernel r offset
int curS = (i % (param.r * param.s)) % param.s; // kernel s offset
int curH = posh ori + curR; // input real h
int curW = posw_ori + cursS; // input real w
int inOffsetTmp = curC * inChannelOffset + curR * param.w + curS;
if (curH >= @ && curW >= 0 && curW < param.w && curH < param.h)
{
sum += param.weight[weiOffset + weiOffsetTmp] * param.input[inOffset+inOffsetTmp];
}
}
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for (int i = @; i < param.r * param.s * param.c; i += 16)

{
int weiOffsetTmp = i + tx;
smemweight[ty][tx] = param.weight[weiOffset + weiOffsetTmp];

int curC = (i + ty) / (param.r * param.s); // channel offset




int curR = ((i + ty) % (param.r * param.s)) / param.s; // kernel r offset
int curS = ((i + ty) % (param.r * param.s)) % param.s; // kernel s offset
int curH = posh _ori + curR; // input h

int curW = posw_ori + cursS; // input w

int inOffsetTmp = curC * inChannelOffset + curH * param.w + curW;
smeminput[ty][tx] = param.input[inOffset + inOffsetTmp];

__syncthreads();
#pragma unroll
for (int subcrs = @; subcrs < 16; ++subcrs)

{

sum += smemweight[ty][subcrs] * smeminput[subcrs][tx];

}
__syncthreads();
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Comparison of Performance: Program 0 vs Program 3
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const uint32_t lane_id = threadIdx.x % 32;
threadIdx.x / 32;
const uint32_t mma_tid x = lane_id % 8;

const uint32_t warp_id

const uint32_t mma_tid y = lane_id / 8;

uint32_t weight lds addr = (warp_id / 2) * 4 + mma_tid_y;
uint32_t input_lds_addr = (warp_id % 2) * 8 + mma_tid_x;

int x = bx * 16 + input_lds_addr;

int y = by * 16 + weight 1lds _addr;
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#pragma unroll
for (int subcrs = 9; subcrs < 16; ++subcrs)

{

//Lload from shared memory
sum += smemweight[weight lds_addr][subcrs] * smeminput[subcrs][input_lds_addr];

}
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EXRAZHM x 5y
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int posOh = (bx * 16 + tx) / param.Ow;
int posOw = (bx * 16 + tx) % param.Ow;
int weiOffset = (by * 16 + ty) * param.c * param.r * param.s;
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Performance Comparison Between Program 3 (Updated) and Program 4
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//ldg
posOh = (bx * 64 + tx % 64) / param.Ow;

posOw = (bx * 64 + tx % 64) % param.Ow;
weiOffset = (by * 64 + tx / 4) * param.c * param.r * param.s;

curC = (crs + tx / 64) / (param.r * param.s); // channel offset
curR = ((crs + tx / 64) % (param.r * param.s)) / param.s; // kernel r offset
curS = ((crs + tx / 64) % (param.r * param.s)) % param.s; // kernel s offset
sts/1ds
// lds addr

weight_lds_addr = (warp_id / 2) * 16 + mma_tid_y * 4;
input_lds _addr = (warp_id % 2) * 32 + mma_tid x * 4;
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Performance Comparison: Program 4 vs Program 5

Program 4
6500 | —=— Program 5

GFlops/sec.

% Sy 'y o © © © o
3 & F 0 « « « «
o o o ! o o o o
> 05 <) <) 05 05 > >
ot o o P o o o5 o
{ { e e 4 { i §
AV oY & & AV v & >
o oF o o R oF o o
< 3 < % o ¥ o A\
o i S et S o W+ &
< & < o < o5 < o5
+ ¥ K ¥ S8 % S8 ¥
& 5 & ) ) & N

" o " o

NXxXHXWxCxRxSxK

FRBAAWRA S REERN 1, TURAR T EREGEREFEE, HRTERL G EiEM




K, BrUARE T H BRI ik iR LR A B

G) A 4: REITHEE

BT E—RAN, WHBEE Mok kRRe, FFURRERT EAHIV *0h*0wW)ye, Kie,
(C * R * S)tile

BB

(N * Oh * OW) 1 = Kpje = 128
(C * R *S)tile =38

FOR AT W] DA KR 1 B9 2 I RO h 1 B MR, AR 3L o A o R R e A 25 8RR A A B

FHEA:

Input,,,

Weight,,, {i

Output, (thread tile)

ot E AR

Performance Comparison: Program 5 vs Program 6
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AT MREFHE, BRALITE T makefile ST 471840 sh BASAT AR, LA 7 37T
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# % £ makefile {7, I K makefile K o B TARGET B {8 5 52 % 3 — AR B9 45 %

CC=nvcc

TARGET := conv_3 2
CXXFLAGS += -arch=sm_60

INCLUDES += -l./include

LDFLAGS = -lcudnn

SRCS := ./src/$(TARGET).cu ./main.cu

CUR_OBJS=${SRCS:.cu=.0}

EXECUTABLE=implgemm

all:$(EXECUTABLE)




$(EXECUTABLE): $(CUR_OBJS)
$(CC) $(CUR_OBIJS) $(LDFLAGS) -o $(EXECUTABLE)

%.0:%.cu

$(CC) -c -w $< $(CXXFLAGS) $(INCLUDES) -0 $@

clean:
rm -f $(EXECUTABLE)
rm -f ./src/*.0

rm -f ./*.0

IR JE B2 sh MR UM, 3T B 3 shell BT DLSEI B 34 A makefile 4713 Fo ] 4

make clean

make

echo "##### Start test #####";

echo"N H W CRS K%

for case kin {1..2}

do for case cin {1..2}

do for case_size in {1..2}

do
C=9[ $case c *32 ]
H=$[ $case_size * 64 ]
W=$[ $case_size * 64 ]
K=$[ $case_k * 128 ]
Jconv 8 ${C} ${H} ${W} ${K}331100;
done;

done;




done

echo

BT LA R MR gt = 5% 5 4R A, Ja 5% makefile

${EXECUTABLE): (CUR_DBJS)
$(CC) ${CUR_OBIS) ${LIFLAGS) — ${EXECUTABLE)

Zotdcu
$(CC) $< ${CXHFLAGS) +(INCLUDES) 8

$(EXECUTABLE)

IR JE AT shell CHREH .

root@lade2852dd8d:/mnt/cgshare/myconv# ./buid and_test.sh
rm -f conv
rm -f ./src/*.0
rm -f ./*.0
nvcc -c -w src/conv_3 2.cu -arch=sm 60 -I./include -0 src/conv 3 2.0
nvcc -c -w main.cu -arch=sm 60 -I./include -0 main.o
nvcc ./src/conv_3 2.0 ./main.o -lcudnn -0 conv
iy Start test Hsdsd
N H W CRS K
8 64 64 32 3 3 128
time: ©.355904 ms
Performance :6370.490989 GFlops
8 128 128 32 3 3 128
time: 1.182835 ms
Performance :7916.610447 GFlops
8 64 64 64 3 3 128
time: 0.638720 ms
Performance :7099.459417 GFlops
8 128 128 64 3 3 128
time: 2.183587 ms
Performance :8576.753988 GFlops
8 64 64 32 3 3 256
time: 0.633926 ms

X S5 AR H 2B 2 R python #EAT 22 B B ¥




7S LI R R R AR
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wget https://developer.download.nvidia.com/compute/cudnn/9.1.1/local_installers/cudnn-local-re
po-ubuntu2004-9.1.1_1.0-1_amd64.debsudo

dpkg -i cudnn-local-repo-ubuntu2004-9.1.1_1.0-1_amd64.debsudo

cp /var/cudnn-local-repo-ubuntu2004-9.1.1/cudnn-*-keyring.gpg /usr/share/keyrings/sudo
apt-get updatesudo

apt-get -y install cudnn

AUl kA RE R

2. B ERA 2 BEATE W4 segment fault

root@lade2852dd8d: /mnt/cgshare/myconv# ./buid and test.sh
rm -f conv
rm -f ./src/*.0
rm -f ./*.0
nvcc -c -w src/conv_1 l.cu -arch=sm 60 -I./include -0 src/conv_1 1.0
nvcc -c -w main.cu -arch=sm 60 -I./include -o main.o
nvcc ./src/conv_1 1.0 ./main.o -lcudnn -0 conv
#it### Start test ###d#
N H W CRS K
8 64 64 32 3 3 128

time: 0.959517 ms
Performance :2362.942709 GFlops

8 128 128 32 3 3 128
time: 3.896214 ms
Performance :2403.3/0240 GFlops
./buid_and test.sh: line 7: 973 Segmentation fault [core dumped) ./conv 8
${C} ${H} ${W} ${K} 331100
8 128 128 64 3 3 128
time: 7.734656 ms
Performance :2421.321817 GFlops
8 64 64 32 3 3 256
time: 1.909130 ms
Performance :2375.201143 GFlops
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