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s AT
s CUDAZRFEFR Y,
s IR EIRIE — 1 CUDAFET.
s HCUDAKSZHLER AR 714,
« CUDAMEREIRTT.
 XUAHET.
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| GPUZHY

n KIEALFEZS Graphics Processing Unit, 4g
H. GPU.

o NEREITHE AL B AL INCPU i 4H
[ 1] 7L
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| GPULLH

n LIRS H PRI (SIMD) 1% 4%.
s NVIDIA GPUH = Z bFE s (SM) 2H AL

s —NSME] LUE 248 il B o0 A BE 22 B B3
W% (SP) .

@ % A%
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GPUZEH

SM SM
kil =4l =%l = il
SP | SP | SP | SP SP | SP | SP | SP
SP | SP| SP| SP SP | SP| SP | SP
SP | SP | SP | SP SP | SP | SP | SP
SP | SP|SP | SP SP | SP | SP | SP
HEREF HERNEF
Lo 7F
*RRE
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s UKL TAE.
o NEAFR R N AF LA
o JR] B, I 0 SCTI, VA B 5 ).

o %A D AR

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



| SIMD 4t ¥ 25

A7 I HATARS

I t211] 2= 1))
x[1] 4= 1
else
x[1] —= 2;
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1l

s ESIMD R %1 70 SCAT

i 8] x[11>=0 B%HEE s x[171<0 By R i
1 Wk x[11>=0 Wik x[1]1>=0
2 x[i]1+=1 z=
3 2 A x[11-=2

&% AR -
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o EZNSMAS 155 AT

i 18] x[11>=0 BEHEE M (F£SMA L) x[1]<0 W% HEEH (7£ SMB L)
1 W3 x[11>=0 i x[1 1>=0
2 X[11+=1 ARl

o %A D AR
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GPUR 4w FEAPI

= OpenCL.

s CUDA. % —p‘ortran
JAVA -

Ai;f%ﬁ
3t 4
@ python’ @

o %A D AR
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c,:o-/*:a‘° =

/\/
" -

o %A D AR
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GPU
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| %

o ZRE, ZEREHGPU LA N R FRIEAT.
— AN FENED), BERE FIEITH KA.

-CUDAEI’JVLI%K 9%&% global PRI,
H HEMia BEA k2

AV ELEX 15

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



| EEK

__global  void KernelFunction(...);

__global__ void #&#&(

Lll'si |'. 2 | : |

ZREFNE T B AR AITRIARS

AV ELEX 16
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| 2. Bk, BEM%

iInt main(){
KernelFunction();

int main(){
KernelFunction <<<1,1>>>();

} -
A ZGFE

Yy 70yt

@ % A%
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R AT BT

n CUDAW 2L 2H. 23 il B AR Ry 265
éﬂzi}% (RIFREL) BERASM s T4
FEEEE.

n IZRRBCRARR, RFES R —IMETE B4
PR S, o MERNERER AR
FEE .

AV ELEX 18
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| 2. Bk, BEM%

int main(){
KernelFunction <<<2,3>>>()

j ffffl}é\j L 2

2GR0

@ % a DA%
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| . aEn. gEm%

s GZRAUS IR, BEAILE S e — N SM

, P KRR ZSM g7

. %\ 2145 erthreadldx. xR 45 H e FE LB H | P

Bl B 5l

s 2G4 Eblockldx. xSk 45 H B FE B fe 28 F£ X

P 415 Bz 5]

o PR, A R BUS B AR B )4

AN
= -

Y o
-y
—
Lo

@ % A%
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| 2. Bk, BEM%

int main(){
RfE <<<2,3>>>(blockldx.x,threadldx.x);

2GR0

AV ELEX 21
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R AT BT

n threadldx: £ FEAE H & FEH ) 5 8 R 5.
n blockDim:ZE A2 IPI4ERE . TEARER /).
n blockldx: HAE R K& F 1) 7 415 B R 51
n gridDim: S I ZE S . FZAR B/,
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| LRIE SRAEIR. SRAFERLS

dim3 grid_dims, block_dims;
grid_dims .x =
grid_dims.y
grid_dims .z =
block_dims.x =
block_dims.y =
block_dims .z

25
b
1

~ B~ B

Kernel <<<grid_dims, block_dims>>> (...);

o %A D AR
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iFGPU%i H “Hello world!”

#include <stdio.h>
#include <cuda.h> /x CUDA kXt %/

/x WHERD: BATEGPULE */
__global__ void Hello(void) ({

printf("Hello from thread %d!\n", threadIdx.x);
} /% Hello %/

/x EWNREL. BFECPUL */
int main(int argc, charx argv[]) {
int thread_count; /x GPULEBATHLEHR *x/

thread_count = strtollargv[l], NULL, 10):
/% M&A4TIR B thread_count %/

Hello <<<l1, thread_count>>>();
/% 7ZEGPUL B Zhthread_count%. 2 =/

cudaDeviceSynchronize (); /x FRCGPUTRR %/

return 0O;
} /% main x/

o %A D AR
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1l

nvcc —0 cuda_hello cuda hello.cu

./ cuda_hello 10 L compiling

& running with 10 threads

Hello from thread O!
Hello from thread 1!
possible Hello from thread 2!
outcomes Hello from thread 3!
Hello from thread 4!
Hello from thread 35!
Hello from thread 6!
Hello from thread 7!
Hello from thread 8!
Hello from thread 9!

@ % A%
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o ZRFERIEER H AT 17
. XTHeIIoué&EmF] 120 TR RS

s I HH) <<<1, thread count >>>Z¥, 1§
ETE&%LFz)Jthread_count/MZl%%&E'J
A

N—

AV ELEX 26
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AT

s YR BUS BT, RG] ihthreadldx. x4
ffk, ARG TF, FEREFERENR
5| BT A1

n BEPNEAEFTENHAS BIF &L

= main ek Z+ %FcudaDeviceSynchonize 1] iff
AT ENLSERE, BE2IPTA LT

V@é&ﬁ’ﬁﬂﬁ, INJE ENL gk 2L 5 2298 &
ZE R PAT

@ % A YA % a7
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| 55— 1“Hello world!”

#include <stdio.h>
#include <cuda.h> /% CUDA HykX# x/

/x HERD: BITEGPULE =/
__global__ void Hello(void) {

printf("Hello from thread %d in block %d\n",
threadldx.xs blopkldx.x); :
} /% Hello x/

/¥ ENRAG: E47ECPULE */

int main(int argc, charx argv[]) {
int blk_ct; /x BB EE x/
int th_per_blk; /x BABPHERE %/

bilk gt = strtellargylll, NELL, 1)
/¥ RBAFTERBEBFIHEE =/
th_per_blk = strtol(argv[2], NULL, 10):
/% MRATRBENRFHEEHR *x/

Hello <<<blk_ct, th_per_blk>>>();
/*  FEGPUL B hblk_ct*th_per bk A, */

cudaDeviceSynchronize (); /x  ZFEGPUR B */

return 0;
} /% main x/

o %A D AR
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_‘J N ©

-\4

» CUDAZ RN R B AP 0, ISR (
cudaDeviceSynchonize) k58 [F.

s GPUFTHLFIEZEHRET, EHHGPUR:
DN R ERFEEL N 1024 (32%32)

AV ELEX 29
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BRI E— 1 CUDAREF

o %A D AR
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|
o (AT AN KRN — A H

a:[al,az,...,an], b:[bl,bz,...,bn]

o EATTHITCE N AN 2 B e -

c:a—l—b:[al—l—bl, a2+b2, e ooy an—l—bn]

s FERGIRIRN:
¢; = a; + by,

H1=1,2,...,n

)
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o BRI
s AT BoT

AV RLEX: ; 2

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



|

EINERICIE = SEil

void Serial_vec_add(

const float x[] /% in
const float y[] I* in
float ¢zl /* out
const int n /% in
for (int 4 = 0; i < n; i++)

ez[1] = x[1] =+ ¥[11];
} /% Serial_vec_add x/

o %A D AR
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1925 H) A% R BB T

__global__ void Vec_add(
const float x[] /% in %/,
const float y[] /x in %/,
float 2[] /% out %/,
const int n /¥ in  x/) {
int my_elt = blockDim.x % blockIdx.x + threadIdx.x;

/x R%&F = Dbk _c t* th _per_blkT#>n %/
if (my_elt < n)
z[my_elt] = x[my_elt] + y[my_elt];
} /% Vec_add x/

o %A D AR
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n A

DA

)

rank

—

]

JT

1A SNBENEHE

A5 B R 5.

SR — i) ¢

= bloeckDim.X & Dlockldx.x + threadldx.x

@ % a DA%
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AT 5 R 1 R B 4

threadIdx.x

blockIdx.x
0 1 2 3 4
0 0 1 2 3 4
1 5 6 7 8 9
2 10 11 12 13 14
3 13 16 17 18 19

@ % a b AR
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B AR A
s 28T ETE N, EEAEHTGPURTTHE
MERE.
n NEIEF
1,2,4,8,16,32.64,128,256,512,1024 X F£ 1]
RFE R &=

Vec_add <<<blk_ct, th_per_blk>>>(x, y, z, n);

@ % A%
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void Get_args(

const int argc /v in 7
charx argv|[] /% in %7/ ,
intx n_p /¥ out x/,
intx blk_ct_p /% outr %/,
intx th_per_blk_p % out =»/f;
charx i_g /% out %f) {

if (arge = 5) {
/¥ ITEHHRBEREFRYE x/

}

*n_p = strtol(argv[1], NULL, 10);
*blk_ct_p = strtol(argv[2], - NULL, 10);

*th_per_blk_p = strtol(argv[3], NULL, 10);

*i_g = argv[4][0];

/¥ ZEn > ZBMWEH= blk_ct*th_per_blk */
if (kn_p > (xblk_ct_p)*(*xth_per_blk_p)) {
/x ITHHRELEFRY */

}
/x Get_args */

IS Y WAy

Get_args(argc, argv, &n, &blk_ct, &th_per_blk,

&i_g);

:%J[z oA %

SOUTHWEST PETROLEUM UNIVERSITY
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N5 BB ¥ DL vevt

void Allocate_vectors(

floatxx x_p I out *7
floatxx y_p Ik oOut #=f.,
floatxx z_p /% out %/,
floatxx cz_p /¥ out */,
int n /¥ in  x/) |

/x X, yFzE FH L LER %/

cudaMallocManaged(x_p, nxsizeof (float));
cudaMallocManaged(y_p, nxsizeof (float));
cudaMallocManaged(z_p, nxsizeof(float));

/¥ CZREFNEER */
xcz_p = (floatx) malloc(nxsizeof (float));
} /% Allocate_vectors x/

o %A D AR
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| G—HERS

- CUDAT6 OfRA 2 JGr] DL “4i—HNAF &
27 BB NAA .

n ZARGICIFAEY 719w 'S5 CUDARE 7 48 R

CudaMaIIocManaged/\@E PN A RS AT
DATE BE#5 A1 E M A R

@ % A%
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void Allocate_vectors(

float xx*
float xx
float xx
float xx
float xx
float xx
float xx
int

hx_p
hy_p
hz_p
cz_p
dx_p
dy_p
dz_p
n

/%
/%
/%
/%
I
/%
/*
/%

out
out
out
out
out
out
out
in

/% &&TFERdx, dy. dz %/
nksizeof (float));
nxsizeof (float));
nksizeof (float));

cudaMalloc(dx_p,
cudaMalloc(dy_p,
cudaMalloc(dz_p,

/x EH. EEHAhx, hy, hz, cz %/

%/,
w/ ,
*/ ,
=t
%l .
%/ ;
7 4
x/) |

xhx_p = (floatx) malloc(nxsizeof (float));
xhy_p = (floatx) malloc(nxsizeof (float));
xhz_p = (floatx) malloc(nxsizeof (float));
xcz_p = (floatx) malloc(nxsizeof (float));
} /% Allocate_vectors */

o %A D AR
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| BRAAES

L] j%'—‘ﬁtljjﬁ‘%’ %%/
.

5 5T DI H 5 R A 7 £

n R S R AT

¥

JcudaMallocrf ¥ £

P 2% i 43 e 9 A7, malloc BR B AE B ML 49 T

1.

@ % A%
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(e

/x ¥ rExfyNEIEFE KL =/

cudaMemcpy (dx, hx, nxsizeof(float), cudaMemcpyHostToDevice);
cudaMemcpy(dy, hy, nxsizeof (float), cudaMemcpyHostToDevice);

Vec_add <<<blk_ct, th_per_blk>>>(dx, dy, dz, n);

/¥ FRABTRAEEREHF BN EN +/

cudaMemcpy(hz, dz, nxsizeof (float), cudaMemcpyDeviceToHost);

o %A D AR
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s i FHcudaMemcpy ek Z s 3L B = 1 N A& 4

| BRAAES

HARAT 0 o 75 B0 76 s DL
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J_E AR

void Free_vectors(

floatx x /%
floatx y /%
floatx =z /%

floatx «cz /%

in/out
in/out
in/out
in/out

/% ®cudaMallocManaged 48 %/

cudaFree(x);
cudaFree(y);
cudaFree(z);

/% mmalloc/ B x/
free(cz);
} /% Free_vectors x/

%7,
T
.,
*/)

o %A D AR
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NI CUDARR 2

__global__ void Vec_add(
const float x[] /% in x/,
const float y[] /x in x/,
float 211 % outr.#/,
const int n o in wmf) }
int my_elt =.blockDim.x % blockldx.x ¥+ threadldx.x}
/x B%&F = bk _c t* th _per_blkT&>n %/
if (my_elt < n)

z[my_elt] = x[my_elt] + y[my_elt];
} /% Vec_add =x/

int main(int argc, charx argv[]) {
int n, th_per_blk, blk_ct;
char i_g; /x xfyRAPFPWMARZEZHIE? x/
float %%, %y, %z, %er:
double diff_norm;

/¥ REBH&AT5%, FARERE */

Get_args(argc, argv, &n, &blk_ct, &th_per_blk, &i_g);
Allocate_vectors(&x, &y, &z, &cz, n);

Init_vectors(x, y, n, 1.9);

o %A D AR

SOUTHWEST PETROLEUM UNIVERSITY



/¥ BABEEAZEHFC TR *x/
Vec_add <<<blk_ct, th_per_blk>>>(x, vy,
cudaDeviceSynchronize ();

/¥ BEEHMKE x/

Serial veec agddi{%, ¥, €z, h)i

diff_norm = Two_torm ditff(z, ¢z, n):
printf("Two-norm of difference between
printf("device = %e\n", diff_norm);

/¥ BBRFHHFRE x/
Free_vectors(x, ¥, 2z, ¢€z2);
return 0;

} /% main x/

NI CUDARR 2

Z, 1)3

host

and

*23

o %A D AR
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| A—AMgA (RANFRE

__global__ veoid Vec_add(
const float x[] /x in %/,
const float y[] /x in x/,
float z[1 % out %/,
const int n [ In */) |
int my_elt = blockDim.x * blockIdx.x + threadIdx.x;

if (my_elt < n)

z[my_elt] = x[my_elt] + y[my_elt];
} /% Vec_add x/

int main(int argc, charx argv[]) {
int n, th_per_blk, blk_ct;
char i_g; /+ xfayRAFPRANHEZHEIE? */
float xhx, xhy, xhz, %xcz; /% ENEK4L %/
float xdx, xdy, =xdz; /x HEEH x/
double diff_norm;

Get_args(argc, argv, &n, &blk_ct, &th_per_blk, &i_g);
Allocate_vectors(&hx, &hy, &hz, &cz, &dx, &dy, &dz, n);
1At veaetorg (Y, hy, B, 1.8 )

o %A D AR
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— AR AS CR A FERE)

/x B ExFyNENEH 2 EE =/
cudaMemcpy (dx, hx, nxsizeof (float), cudaMemcpyHostToDevice);
cudaMemcpy (dy, hy, nkxsizeof(float), cudaMemcpyHostToDevice);

Vec_add <<<blk_ct, th_per_blk>>>(dx, dy, dz, n);

/¥ ERABTEIEEREH B EN */

cudaMemcpy(hz, dz, nxsizeof (float), cudaMemcpyDeviceToHost);

Serial_vec_add(hx, hy, cz, n);

diff_norm = Two_norm_diff(hz, cz, n);
printf("Two-norm of difference between host and o
printf("device = %e\n", diff_norm);

Free _vectors(Chx, hy; hz, ©Z, dx, dy, d9z);

return 0;
} /% main x/

@ %G DA E
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| BETBAR A

YA YA

/ l | /W

a b X a b X
(a) (b)

A @) 1)+ () £ () 4+ ()|
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it

float Serial_trap(
const float a /x in %/,
const float b /x in x/,
const int n ./7% in #f) {
float x, h = (b—a)/n;
float trap = 0.5%(f(a) + £(b));

for (int i = 1; i <= n—1; i++) {
X = & 4+ 1=%h;
trap 4= T(x):

}

trap = trapx*xh;

return trap;
} /% Serial_trap *x/

o %A D AR
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414 F§ CUD A 2

» F—MEARBFRT LI T— BB Tfor]
AIIEL.
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n4a] FCUDANE ?

/x hfutrapE R EHK W B A5 % */

int my_i = blockDim.x % blockIdx.x + threadIdx.x;
float my_x = a + my_ixh;

float my_trap = f(my_x);

float trap += my_trap;

o %A D AR
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| o

JCUDAIIIE ?

N /—
T 7\]2

» B EIEEPITE— T RREUE.
o FRREUERINZR 1Z1TF .

Mz D B — T IR S
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)

1. ZBYRhEEtrap, LIMtrapERAYL:
I# (trap=F05htH3E)

2. BRITIUAR P HYtrap AR A,
3 my IHMERTBEAK, t,_J g /)N
4. TEtrapWELEIEEHER.

@ % A%
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= i1

w XBEVIIRIChEEtrap, LA trapZEERAYALEE
(trap/RF05h1E3E)

SAISE R AR BRI AN /R B HT 7

@ % A%
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SH

i PIZE1L

h = (b—a)/n;
trap = 0.5%(f(a) + f(b));

ifT (ny 1 ==
trap = trap*xh;

AV RLEX: ; 59
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» BT HHtrap

PREUR(A].

trap 2% NEIER
ZeiEiLEtrap?

SHTHY, WA
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| FHnmmr

/x EHRDG x/
floatx trap_p;

cudaMallocManaged(&trap_p, sizeof(float));

xtrap_p 0.5x(f(a) + f(b));

/x FRZEHK *x/

/¥ MBEBEHREZ)E */
xtrap_p = hx(xtrap_p);

o %A D AR
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. my IEOERTAEAK, BETBEAN.

QNMEM{RIUEZAZHYILERF?
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] IEH ) 2R 2

» HIEQANREES

if (0 < my_i & & my_i < n) {
/% HHEx, f(X), FmE|* trap_pH */

o %A D AR
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*trap_p += my_trap;

EK_J'

@ % A%
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| BErme

- REMERE, NTRTSSR, B
trap_pHISERHELRARRTHRMAS.

s FERAZE JRFIRIE

o [RERME, Ehﬁénmﬁ%ﬁ;mfﬂm
HUERHIT AR o EIANE-N-E1EE.

- l:,{%u_{--—/\@%%ﬁﬂ TIZIR{ERNIIES, %
BHEMEFERE P T,

@ % A%
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| BErme

o JRFERME, A

__device__ float atomicAdd(

floatx float_p /x in/out %/,
float val /* in */);

‘%)[,(,b;‘;& 66
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CUDASLILER LR 4372

__global__ void Dev_trap(
const float a % in %/ 5
const float b /% In %/ .
const float h /¥ in xF 5
const int n /% in T
floatx trap_p /% in/out x/) {
int my_i = blockDim.x % blockIdx.x + threadIdx.x;
/% f(x_0)fn f(x_n) ZEH LitE */

/% FRRAHEF(X ), F(x_2), -, f(x_(n—=1)) */

if (0 < my_ i &k my_i < n) {

float my_x = a + my_ix*h;
float my_trap = f(my_x);
atomicAdd(tra m r :

}
} /% Dev_trap x/

/¥ ENRD x/
void Trap_wrapper(

o %A D AR
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CUDASZHLA:

const float a
const float b

const int n

floatx tra
const int b1k
const int th_

/% in

/% in

/% in
p_p /% out
_B% /% in

per_blk /% in

NN
St
>
¥

R
x/ ,
%/ ;
)
x/ ,

/* JcudaMallocManagedZ main® o ®.trap_pfF i */

*¥trap p = U.9%(TLa)
float h (b—a)/n;

Dav_trap<<<bilk_ctt,

+ TAR));

th_per_blk>>>(a,

cudaDeviceSynchronize ();

xtrap_p = hx(xtrap_
} /% Trap_wrapper x/

b

b,

h,

n,

Erap..p )
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47 «—— trap p

+ @D

56 «—trap_p

6 1@+ 5D

69 «——trap p

0 —15(1+69

70 «——trap_p

1 =G+ 10

73 «——trap p
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o PS5 R R 2 7 -
w P25 A 1 T B E [log, (n)]+ 1.

N{A 8 SRRV SEIIX — 557
£BREFE? HE=ERF? FFs?
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SM
kil =4l =%l = il
SP | SP | SP | SP SP | SP| SP | SP
SP | SP| SP| SP SP | SP| SP | SP
SP | SP | SP | SP SP | SP | SP | SP
SP | SP|SP | SP SP | SP | SP | SP
HEREF HERNEF
Lo 7F
*RRE
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s = G WRAIRE A
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L NI, BER
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\
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| cupApfERER

4A?%mﬁﬁ5%ﬁ@

==

7

¥A+%
I Jdﬂ% mf

AN

e

1/\

+

*ﬁ,yfﬂAﬁE%
NAF, A B = EEX.

% 6.7 —i NVIDIA GPU M4 it

RN F148 GPU

GPU HHEEN | FF6: FIEEE | £BENF: FhERk
Quadro 600 2.1 504 48K 1G
GK20A (Jetson TK1) 3.2 504 48K 2G
GeForce GTX Titan X 52 504 48K 12G
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s RINAT, i SPAIFTE A28 /] LLvs 1]
2 A N AT
-j”j'ﬁ%/@ASM%TTUﬁWﬂ'FH “ L
ZNAA” ZNAA R BEHIZE B AE VT .
A A7y, NN, fiFRA s

M&ﬁﬂ% 8], R ‘w7 2
2 e WA,

[l Al
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| sfw

o ZGFER, —HAREE T D aRR,

o HAT— DR PRI ZFE 2232, NVIDIA
E 7 I HP SRR IX AT HE A U

» RGVIIAN T A E, TR R Y

K/ “int warpSize” .

AV ELEX 79
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o RFRAFACR LR T LT R o i
A7 AR

o [ — PR R A 3’JQ)£<$£JA‘ AT AH A EI’J%/U.
n ZRFE R T EAE I 78 5 BN 2 AR 1) 18

(lane),lane= threadldx.x%warpSize;

@ % A YA % a0
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if

else
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£FZE0-31 else

Sy Ve
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o ZEFE R TChA R BT VFERFE AR 1) — AR A
[A] — N ERFE AR ) oy — SRR s FH 1 7 A7
e U

AV ELEX 8
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__device__ float __shfl_down_sync(
unsigned mas Kk /%
float var i
unsigned diPf /*
int width = warpSize /x

o %A D AR
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» MaskZ BRI LR IEEZ 5 A

o DU 5 TR U B AN R

, ORI H SR AR LIS

mask = Oxffffffff;

1111 1111 1111 1111
1111 1111 1111 1111

o %A R
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o NS BFEIE IR 2R T
shfl_down_sync, %B/AHdzﬁEI’J?EiFEJ:Z_
11%7‘-varEJEI’J1E%}§1)§ 0|28 255

= lane = [+diff;

@ % A%
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o RIX—Pwarpf 3214 H%, BN FE S
— MEvar.

n ZRFE [ ERNZHE [+1 Avar.

___shfl_down_sync(Oxffffffff, var, 1);

o

@ % A%

TTTTTTTTTTTTTTTTTTTTTTTTTTTT

88



| R

= _shfl down_sync, lane [ &3 lane [+diff
[PJvar.

= shfl_up_sync, lane [ &% lane [-diffi]
var.

= _ shfl xor _sync, lane / 5 lane I XOR diff
AZHRvar.

. Eshfl_sync, [ 1% FTEZAE80EE! lane diff

Jvar.

AV ELEX a9
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% FH 2R A2 R U i SC I AR 2 5K
__device__ float Warp_sum(float var) {

unsigned mask = Oxffffffff;

for (int diff = warpSize/2; diff > 0; diff = diff/2)
var += __shfl_down_sync (mask, var, diff);
return var;
} /% Warp_sum %/

@ %G DA E
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warpSize /98

AV RLEX: ; 01
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RZRAE [

s N5
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2R HE [

s N5

TUR R R, (BZRFRI+diff %
=

AA()

TR 2, HERR I+ diff

=>warpSizez KEAH A ?

RENE 1A

m U075

JHERE R, HER AR+ diff
<warpSizez AT A, 1El+dlﬁ(>%2$£5{[j

[ K IE R > R A A
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n ZRARE N I BT S FE U FH Ve i BRI
s ZFEH RN B R warpSize 1541
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| m—pre, gEp

o 7] DAFEARZ R E0H 3 I8
PR R SR e R A

WNEBEEX ! !

s LENGFFEEMH “ shared

EWNAAAE], L
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| m g, stEpz
s P E N T

__global__ void kernel() {
__shared float shared vals[32]; /A/\[ZiF

@ % A%
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| m—pre, gEp

o PR E X720
__global  void kernel() {

extern _shared_ float shared vals[]; 7/ A/ F47
By

}

Y JEAITHEE. £1" block 3377 32*sizeof(float) ZF77
kernel<<<grid, block, 32 * sizeof(float)>>>();

@ % A%
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- jj:_f“;%’ /\EW?

__device__ float Shared_mem_sum(float shared_vals[]) {
int my_lane = threadldx.x % warpSize;

for (Int diff = warpSize/2; diff > 0; dAiff = diFfl2) {
/% HPR0<= source <EBEE AN *x/
int source = (my_lane + diff) % warpSize;
shared_vals[my_lane] += shared_vals[source];

}

return shared_vals[my_lane];

AV RLEX: ; o7
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| s

__global__ void Dev_trap(

LHISEBL (ZRAEReh

const float a /% in %/ ;
const float b /% in */
const float n /% in e/
const int n i . in -
floatx trap_p /% in/fout #/) {
int my_i = blockDim.x % blockIdx.x + threadIdx.x;
float my_trap = 0.0f;
if (0 < my_i && my_i < n) {
float my_x = a + my_i*h;
iy trap = LMy %)t
}
float result = Warp_sum(my_trap);
/¥ RAELGBOLWEREREHE x/
if (threadldx.x == 0) atomicAdd(trap_p, result);

/% Dev_trap x/

o %A D AR
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| ZABBHRMEI GEERE

__global__ void Dev_trap(
const float a /x in %/,
const float b e in %,
const float h I'x in %/,
const int n lk in &7,
floatx trap_p /% out w/) {
__shared__ float shared_vals[WARPSZ];
int my_i = blockDim.x % blockIdx.x + threadIdx.x;
int my_lane = threadldx.x % warpSize;

}

shared_vals[my_lane] = 0.0f;

if (0 < my_i && my_i < n) {
float my_x = a + my_ixh;
shared_vals[my_lane] = f(my_x);

}

float result = Shared_mem_sum(shared_vals);

/¥ E—ANREWHALEL, ZREMEHN */
i1 (threadldx.x == 0) atomicAdd(trap p, result);
/¥ Dev_trap x/

A YRR ; oo
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n [-3,3] BF A1) =x2+1,229=1048576 N6
s ZRFEHL/N32, 32768 LR FEHE (10485760
BFE) <<<32768, 32>>>
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L

A3

6.8 {EH 32 MEERBEREN B FHEB1TH

ARM , _
4 NVIDIA GK20A Intel Core i7 | NVIDIA GeForce GTX Titan X
Cortex-Al5
A 2.3 GHz 852 MHz 3.5 GHz 1.08 GHz
SM H%i&, SP WEE 1, 192 24,3 072
JRIR R 33.6 20.7 4.48 3.08
LIRR U 14.4 0.210
HFENEF 15.0 0.206

o %A D AR
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¥ HA 2 ERFE R A ZRFE R

n [-3,3] BF A1) =x2+1,229=1048576 N6
s ZRFEHL/N32, 32768 LR FEHE (1048576
ZETE) <<<32768,>>

N

UMY R A SRAYLR

@ % A YA % -
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| grEwmmES

s device  void _ syncthreads(void);
n ZRREWR Z (AL, ELEEO T, AL
E 1 BRECRAE — DN SR B I ZeA2 7]

/.

@ % A YA % 104
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| Q‘A:ﬁ;."ITT
T 5\ A

o U IUIRUEBR A BT AT 2R AR ARE T 1

__syncthreadsi® %1
» _syncthreads R R PRk — R L AE [F]
.
10t ny X = thréadld¥ . X

if (my_x < blockDim.xt2)
__syncthreads ();
my_X++;

!%)[1 ("b?ﬁfg’ 105
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| BT SE

. ,
HEREF

__sShared__ floatl::rp_sum_arr[WARPSZ];\

int my_warp = th TS

int my_lane = threadldx.x % warpSize;

/! BEITECAIN TR

float my_result = Warp_sum(my_trap);

if (my_lane == 0) warp_sum_arr[my_warp] = my_result;
__syncthreads ();

// B AEOZEwarp_sum_arr 7R fo

éal%3/6'$$’7&‘a% 106
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| stmpz

<
y AN
VN

N .

» NVIDIAK:SM EHIFL= N AL 9324
n 2GR R SRR AT LAR S U7 R L = N AF.

= ‘ﬂﬁ/\ji
5, 2

ANZEFE VT 0] B E A
WP IX L7 a4 T B 4T 1L

.

B
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)

wEidi

/] ERAKRGARIRA NG % T A
#define MAX_BLKSZ 1024

___shared__ float thread_calcs[MAX_BLKSZ];

£69 HEREFE: JIRHAEE, REBPFHTERT thread_calcs RITERNTHR

N

0 1 2 30 31

0 1 2 30 31
52 33 34 62 63
64 65 66 94 95

THr

96 97 98 126 127

992 993 994 1022 1023

A YRR ; 1os
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m U075

U 18] [5) i) A

s 05

L 2NV A) E

n U015

op:

SRS U 18] AT E

=
AT

EMe7acaie

B [R] 2T Y.

2N

FEE AN [R] N ATV B

L.
AR [A] N AT L

WL H I ER ) 2 AR, I K
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)

wEidi

T FEE N SAE T BRIS

__shared__ float thread calcs[MAX BLKSZ]:

- - 3 : , - \ ~ \s
shared float warp_sum_arr[WARPSZ]; ;{%jﬁgﬁ*&**u

floatx shared_vals = thread_calcs + my Wdarp
float my_result = Shared_mem_sum(shared_vals);
if (my_lane == 0) warp_sum_arr[my_warp] = my_result;

__syncthreads ();

o %A D AR
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| mxammmses s R

__global__ void Dev_trap
const float a
const float b
const float h
const int n
floatx trap_p

__shared__ float thread_calcs[MAX_BLKSZ];
__shared__ float warp_sum_arr[WARPSZ];

int my_i = blockDim.x % blockIdx.x + threadIdx.x;
int my_warp = threadldx.x / warpSize;
int my_lane = threadIdx.x % warpSize;

floatx shared_vals =
float blk_result = 0.0;

shared_vals[my_lane] =

/%
/%
/%
/%
/%

if (0 < my_i & my_i < n) {

float my_x = a + my_

shared_vals[my_lane]

in %/,
in %/,
in %/,
in %/,
out */) 14

thread_calcs + my_warpxwarpSize;

0.0
185
= f(my_x);

o %A D AR
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}

float my_result = Shared_mem_sum(shared_vals);
if (my_lane == 0) warp_sum_arr[my_warp] = my_result;
__syncthreads ();

if (ny_werp == 0) { T ERAA

il (threagdldx.x >= blockDim. x/warpS1ze
warp_sum_arr[threadldx.x] = 0.0;
blk_result = Shared_mem_sum(warp_sum_arr);

}

iT (threadldx.x == 0) atomicAdd{trap_p., b]k_resu1t);|

/% Dev_irap */ gﬁ\i;%EI}J*D

A YRR ; 2
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AR
n FENERLPZERE 1024,

* 6.10 (ERAFEVIRA/NAIEER & Y IE1T Y ]

ARM . NVIDIA GeForce
ARG NVIDIA GK20A Intel Core i7 _

Cortex-Al5 GTX Titan X

A4 in # 852 MHz N— 1.08 GHz
g ” ‘ Z . Z

SM HI%&, SP W& 1,192 24,3 072
JRIEH 33.6 20.7 4.48 3.08
TR BERE, 32 ths/blk 14.4 0.210
HZ N, 32 ths/blk 15.0 0.206
CRFE R YL 12.8 0.141
FLETF 14.3 0.150
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Y b T A1), BI270 3R 5 AT k.
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140,20(10,30}

/

if (19st[0] > Tist[11) Swap(&1is§01, &1ist[11);

if (1ist[2] < 1ist[31) Swap(&1ist[2], &1ist[31);
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BB TR T 1 U
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MR A TR INF 138
4 TCERBER: BB A fiox) 2 3 0 1
Bt A: B AHIG PR 20 10 30 40
MrEt B ot 1 0 3 2
Mt B: LA ROFISR 10 20 30 40
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N N
/)N o1
#6.12 8 TEINRMVFHF
THr

0 1 2 3 4 5 6 7
FiReT B R 15 77 83 86 35 85 92 93
BB T RINF 156 14 126 5k 538 136 VB,
2 JTREXT 1 0 3 ) 5 4 i 6
HB AT fE 51 3R 15 77 86 83 35 85 93 92
HAEE A O TRIDF 1% Uk
40K : MrE A BexT 2 3 0 1 6 7 4 5
MrEx A: HWBAHEHITIR 15 77 86 83 93 92 35 85
4 TEK: BB B ECXT 0 1 3 2 5 4 7 6
FrEt B: HOESH S PR 15 7 83 86 93 92 85 35
R ) AN TR INF 1% 1
8 JLR: Wt ABLXxT 4 5 6 7 0 1 2 3
MrE: A: HLBACHERIBIR 15 77 83 35 93 92 85 86
8 JLE: MrEt B EXS g 3 0 1 6 7 4 5
Bt B: HBARHFHIFIFE 15 35 83 £ 85 86 93 92
8 JLE: Bt C Exd 1 0 3 2 5 4 q 6
MrE: C: HBE G HIPI3R 15 35 71 83 85 86 92 93
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VA HE A Dy A

oF

A UERTVARIRAY /N

for tbf_sz = 2 bf 8z <« n: bf sz = 2%bfT_52)
for (stage = bt_sz/2; stage > U; stage = stage/2)
for (th = 0; th < n/2; th++) {
Get_pair(th, stage, &my eltl, &my elte);
if (Increasing_seq(my_eltl, bf_sz))
Compare_swap(list, my_eltl, my_elt2, INC);
else
Compare_swap(list, my_eltl, my_elt2, DEC);

} 25if
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—XLIP /l\
£ 6.13 XMAHF REREFITERRRS
B e H5— TR B TE
00=0 000=0 100=4
01=1 001 =1 101 =5
100=4
10=2 010=2 110=6
11=3 011=3 111 =7
00=0 000=0 010=2
01=1 001=1 011=3
010=2
10=2 100=4 110=6
11=3 101=5 111=7
00=0 000=0 001 =1
01=1 010=2 011=3
001=1
10=2 100=4 101 =5
11=3 110=6 111 =7
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% 6.14 TERIEEWE (Inc) FIIHPH—ERTERER (Dec) F5IH M —iis
bf_sz
TR
0010=2 0100 =4 1000 =8
0000=0 Inc Inc Inc
0001 =1 Inc Inc Inc
0010=2 Dec Inc Inc
0011 =3 Dec Inc Inc
0100=4 Inc Dec Inc
0101 =5 Inc Dec Inc
0110=6 Dec Dec Inc
0111=7 Dec Dec Inc

YA JI0RT B

AN
$1284=0010801001&%, 584=0101&0100
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b 14

i)

o

AHEF AR (3

forF . (BT g2 8 23 BF 82 <= B) BT 82 = 4Bt ka)
for (stage = bf_sz/2; stage > 0; stage = stage/2) {
which_bit = Which_bit(stage);
for (th = 0; th < n/2; th++) {
my_eltl = Insert_zero(th, which_bit);
my_elt?2 my_eltl N stage;
Compare_swap(list, my_eltl, my_elt2, my_eltl & bf_sz);

0@!%)[’7"4’7&'% 129
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unsigned th =

for (bf_sz =
for (stage

which_bi
my_eltl
my_elt?

A HEF B 51

23
= BF_szf2;

t

).

threadIdx

—

a)

B

SEIN

= Which_bit(stage);

Inseprt_ze
my_eltl A

Compare swa i
__syncthreads ();

relth;- whieh bIE):

stage;
my_eltl,

my_elt2,

bt sz €= ni bF &2 = ZxbT &x) 1

stage > 0; stage = stage/2) {

my_eltl & bf_sz);
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BHEFE (AT R0 CEAHAD

/% StAEA2% th_per_blkTEWFIXH#THF x/
Phitonic _start. <<<blk ¢, th_per . blk»s> (11sts )3

for (bf_sz = 4xth_per_blk; bf_sz <= n; bf_sz = bf_sz/2) {
for (stage = bf_sz/2; stage >= 2xth_per_blk;
stage = stage/2) {
/x TREXHENNE x/
Pbutterfly_one_stage <<<blk_ct, th_per_blk>>> FIIRE . R
bf_sz, stage);

}
/x BRER ‘B FHERERTRYAMHEER *x/

Pbutterfly finish <<<blk_ct, th_per_blk>>»> (1ist, n,
bf s8);

QYAJSEI BB A HRAYUHERR?

W % b A E .
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A3

b hh

%618 =H 2 048 NMEBMIIRMAREHF FHZITHE (ms)

£ Intel Xeon 4116 Intel Xeon 4116 Nvidia Quadro P5000
Aisf b 2.1GHz 2.1GHz 1.73 GHz
SM H%i, SP RI%E 20, 1280
HEFFFhs gqsort SUEHERF AT U HERF
W, LB 1, 1024
1L 1T HY (] 0.116 1.19 0.128

o %A D AR
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Va1

A3

£ 6.19 &H 2097 152 NMEHK IR LR EHEF B FHIE1T R E

EX2 Intel Xeon 4116 Intel Xeon 4116 NVIDIA Quadro P5000
Hf 4 2.1GHz 2.1GHz 1.73GHz
SM Fy%ita, SP ROEE 20, 1280
HEFF Fh s qsort SGREHEF AT ICEHEF
B, SRR 1024, 1024
BT H (8] 539 3710 13.1

o %A D AR
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| )

= NVIDIA GPU

M\ AL EE (SM) ZHRL.

17— ~SMH] LIAT 2 A2l B e AR 22 14K

g (SP) .

» SPHISMPER M L RIZREL 70507 LaRE A2

e

B, SRR

o AR ARI T BB IT IO T4, L

32 LR I SR 2H

@ % A%
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| NEE(2)

n BEPNSMERA — /DR
R AR

s ERINFENAEREZ BT, NESTEK
’ Elli)’_hfF)LTXO

I/-I-ll

AN

LHENAF, B

57‘%)[’/"47/;’% 135
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| hg(3)

s ZRECEH TN, (HigiT7EGPURL
& CUDARR L.

o IZRREHFR RS URLAF “ global
HA R [FZE A void.

v 2

PR,

\‘F

@ % A YA % yas
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| i)

n BE-SMEAH — /NPT
Berp B R I

s R NAFAETB LR AL, NAASE]KR
, (HIEERE.

I/-I-ll

AN

LHENAF, B

ﬁ‘%)[’}'b/;“g’ 137
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| g (5)

o HANLFEB FIAZ R, B 20FE 15 256
Nk, TRV AE,

KernelFunction <<<4,256>>>();

Ui

o HAZ R EUR S BAR B EEE TR N A%

s threadldx: & fE 7 H L R 17 5 a8 R 5.
x blockDim:ZFEEL I 4ESS . TEARECR /).

n blockldx: B A W% H 7 415 B 51

n gridDim: A% I ZERE . FRER /N,

l@l%)[’("bf;“g’ 138
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| /hgi(e)

%‘T: NAF VTR, Feft | —FhrE EALA & b
2 & il WA VT AE 7 1.

“cudaMallocManaged”

n WAREEEW AT LU B U
“cudaMalloc”
“cudaMemcpy”

@ % A YA % -
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| /hNEE(T)

R A AR LT A IR T AR
UK AR BT

o HR— B EAEIT— B, U
EFERAT 5 — B, A0 R AL A

@ % A YA % o
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| g (8)

o SRR RIEEE — D ERFE AT 2R E AR
1, A HAt SORE RE R W BT

AV ELEX 141
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| Agi(9)

o ZEREARVER SR | — e R AT 2 X B R
FITVE.

unsigned mask = Oxffffffff;

float result = my_val;
for (unsigned diff = warpSize/l2; diff > 0; diff = diffi/2)
result += __shfl_down_sync(mask, result, diff);

AV RLEX: ; 142
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| NE:(10)

o SR NSO AR SR B B AT A,
P A G 5 Y A7 BRI A 4R LRV

__global__ veoid My_kernel (...) {

// TCENEE LA SER A
__shared__ float sum_arr[32];

// Wik sum_arr [my Tane]
int my_lane = ...

for (unsigned diff = 163 diff > Q: diff = 1) [
int source = (my_lane + diff) % warpSize;
sum_arr[my_Tlane] 4= sum_arr[source];

}
.

AV RLEX: ; 143
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| /(1)

o BTN Z (BRI, EBEREN T, B
i syncthreads ()R — N2 AEBLH )

A 2R R R 25
o WARUES A BT ZEAZ AR AL 1
__syncthreadsi® %1
» _syncthreads R R PRk — R L AE [F]
.

@ % A YA % 144
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| NEE(12)

o JEE N AFEI T

o JER T H B2 iE SRR W B T 2
AJ A [R] B AT BN AT AT

AV ELEX 145
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