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* CUDA (Compute Unified Device Architecture)
* {# GPU XEITRETHEwREMBAITEMTREES
o R T IEFFAR R

® 3735 CUDA BIGPU : https://developer.nvidia.com/cuda-gpus
® CUDA: https://developer.nvidia.com/cuda-downloads

® CUDA C/C++
o HFRHERY C/C++
* CUDA C/C++ EXEel— 1 B , EMBiSitE

» FEHENEB CUDA C/C++ R
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= KiE:
= Host (F#1) CPU FIEBBIARTE (host memory)
= Device (1Z%%) GPU fIEBIRTE (device memory)

Device
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Heterogeneous Computing kA

#include <
#include

using namespace std;

#define N 1024
#define RADIUS 3
#define BLOCK_SIZE 16

__global__ void stencil_1d(int *in, int *out) {
__shared__ int temp[BLOCK_SIZE + 2 * RADIUS];
int gindex = threadidx.x + blockidx.x * blockDim.x;
int lindex = threadidx.x + RADIUS;

Read input elements into shared memory
templlindex] = in[gindex];
if (threadidx.x < RADIUS) {
temp[lindex - RADIUS] = in[gindex - RADIUS];
temp[lindex + BLOCK_SIZE] = in[gindex + BLOCK_SIZE];

T - parallel fn

ncthreads();

I Apply the stencil

int result = 0;

for (int offset = -RADIUS ; offset <= RADIUS ; offset++)
result += temp[lindex + offset];

e the result
outfgindex] = result;

}

void fill_ints(int *x, int n) {
fill_n(x, n, 1);
}
int main(void) { 7
int *in, *out; 5 . C
it *d_in, *d_out; ab,c
int size = (N + 2*RADIUS) * si
Jl Alloc space for host copies and setup
(int *)malloc(size); fill_ints(in, N + 2*RADIUS); o
int malloc(size); filints(out, N + 2*RADIUS); | Se r'l a l Cod e
I space for device
cudaMalloc((void *)&d_in, iz
cudaMalloc((void *)&d_out, size);
cudaMemcpy(d_in, in, size, cudaMemcpyHostToDevice);
cudaMemcpy(d_out, out, size, cudaMemcpyHostToDevice); g

prees - parallel code

Il Copy result back to host -
cudaMemcpy(out, d_out, size, cudaMemcpyDeviceToHost);

o - serial code

cudaFree(d_in); cudaFree(d_out);
return 0;
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SM-0 SM-1 SM-N
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* Global Memory

* (SIFHR5 ; TER-100 BIE#PEED ; FAE&IEATR
* Shared Memory

* (fFRL; GEE-10 BI#HREEE ; LAEIRIRABMSE | LIERAFRBZIEL=
* Register

* UFRL; ER-1  BHEEE ; LISIERBASE  ZERE

* Global/Constant/Texture Memory

o HHLIFHRH
o 99A4EAY L1 cache L1/constant/Texture Cache
* Conatant/Texture: Read-Only Memory
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SM/GPU
FP32 units
FP64 units
TensorCore

Register/SM

Shared
Memory/SM

L1 Cache

56

64

32

256 KB

64 KB

24 KB
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GPU

Software
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NVIDIA

Thread

CUDA Core

Threads are executed by cuda core

Thread Block

Thread blocks are executed on SM

KRR R

Grid

A kernel is launched as a grid of thread blocks
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Hello World! (C {{#3) )

int main(void) {
printf ("Hello World!'\n");

return 0;

}

* tHERYEE C 4K83 , 7£ CPU LT



Hello World! (CUDA C tf3) >

__global  void mykernel (void) ({
printf ("Hello World!\n");

}

int main(void) {
mykernel<<<1l,1>>>() ;

return 0;

}

» BWEFENEA



__global__ f%a

__global  void mykernel (void) ({
printf ("Hello World!\n");

}

* CUDA C/C++ KHEZF giobal  (ETHAIEREL
* MENIRREAA (CC3.x, BRILINRSFixiEH)

¢ ERRIRhT

* Pascal GPU (CCé6.X, P100: CC6.0, P40: CC6.1)

E'EEI’.‘JE?SHI’;"C" i
__device :gFiREA , IRTIHATT
__host _ : EHlimEAA , EtiwAIT
__device_ #l_ host  TIRIMER (ARRmFEENIKINISSFRANRE)
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<<<L,..»>>>

mykernel<<<1l,1>>>() ;

v <<<X1, X2>>> fRic ENiRE S KRR EVAREMAFHFITEER
» tBAY{E “kernel launch” (kernel [F3))
* X1 F1 X2 938059 kernel §8 grid (H##2) 0 block (ZEF2HR) RS

* SR S EENIRRER. SFiRMIT—1 _global__ I




Hello World! (CUDA C {X#3) >

NVIDIA

__global  void mykernel (void) ({
printf ("Hello World!\n");

}

Output:
int main(void) ({ $ nvcc hello.cu
mykernel<<<1,1>>>() ; $ a.out
return O; Hello World!
} S

* mykernel HYTHUESSRIAER , “ =&t A HE"—aERHR"
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—NLRFBIF : K2R (592 2

* GPU _ESCIF{ENtHESR

__global  void mul (int *a, int *b, int *c) {
*c¢ = (*a) * (*b);

}

*  global {ETHAY mul E&EL
* mul() fEEHIHFEA
* mul() TEIRBRIRMIT



—NLRFBIF : K2R (592 2

* a, b, c #EEF

__global void mul(int *a, int *b, int *c) {
*c = (*a) * (*b);

}

s mul() {ERTFIHNIT, Bl 2, v Fl ¢ HHIEEEEHE

© Bt , RAEFETRFRSEAE
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¢ ENAREFEIEERF T ARESE
© RE IEHTREER R E RF
AILMERE SN2 SR
FHEEE Z ARSI F (FALAEAL A AIE)
© EliEsRegER £/ RFE
AILMEEHSIRE 2 S
FHETE A1 P (FAEARMEAL BRI

* HTFEERY CUDA API

# cudaMalloc(), cudaFree (), cudaMemcpy ()
» 5FHi%AY malloc(), free (), memcpy () FfBl



RESR (AE—MPE) : kernel >

¢ O3 mu1 () kernel
__global  void mul (int *a, int *b, int *c) {

*c¢ = (*a) * (*b);

}

* IERIRRFRIERISE main() 5ER..



RESFR (AF—/HER): main <2

int main(void) {

int a, b, c; // host copies of a, b, c
int *d a, *d b, *d c; // device copies of a, b, c
int size = sizeof (int); // in bytes

Step 1: B GPU AfF , CPU %l GPU £

// Allocate space for device copies of a, b, c
cudaMalloc ((void **)&d a, size);
cudaMalloc ((void **)&d b, size);
cudaMalloc ((void **)&d c, size);

// Copy inputs to device
cudaMemcpy (d a, &a, size, cudaMemcpyHostToDevice)

cudaMemcpy (d b, &b, size, cudaMemcpyHostToDevice)




KESR (AE—/MHE): main <2

Step 2: [g&)) kernel , BREIZFiRCIBANITE
// Launch mul () kernel on GPU
mul<<<1l,1>>>(d a, d b, d c);

Step 3: GPU Zl CPU BYZiiEIE N |, Bl GPU AfF
// Copy result back to host

cudaMemcpy (&c, d c, size, cudaMemcpyDeviceToHost) ;
// Cleanup

cudaFree(d a); cudaFree(d b); cudaFree(d c);
return O;
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KESR (BHE, N=512) : kernel >

* GPU BT RESREHLRIES
* WATE GPU_LSCIMFEITIE ?

mul<<< 1, 1 >>>();

I

mul<<< N, 1 >>>();

* f£ GPU LT N IR
* WARRERITHRRER IR 2




KEHR (98, N=512) : block, grid <2

» <<<N, 1>>>: FHEZM1T kernel mul N }&

* KiF: Eltt , SRHAARBAY kernel 173 —4 block
* P& block BIESFRA grid
* <<<X1, X2>>> A9 X1 188 grid BRI
* £/ block #3IE— E—tFiCAY ID blockIdx. x

* BILAR blockrax. x EEMAMESIRIRATTE , LAREIRIMIES Sit 8

__global void mul(int *a, int *b, int *c) ({
c[blockIdx.x] = a[blockIdx.x] * b[blocklIdx.x];

I-1

}



KBS (BHR, N=512) : kernel N>

__global  void mul (int *a, int *b, int *c) {
c[blockIdx.x] = a[blockIdx.x] * b[blockIdx.x];
}

* i28&in . FABRY block H{THTT:

Block O Block 1 Block 2 Block 3



RERR (SHE, N=512) : AEESERYTLY

‘TE%%E&?EFQEMiﬂ
* block ZIAFTEXZEIE , AEEERFiIRSSRTLIRFIUE(E

__global void mul(int *a, int *b, int *c) {

c[blockIdx.x] = a[blockIdx.x] * b[blockIdx.x];

¢ RENFLIRFEE IR, 5EAY main BHEL..

>

NVIDIA



KEEF (BHE, N=512) : main N>

#define N 512

int main(void) {
int *a, *b, *c, sum=0; // host copies of a, b, c
int *d a, *d b, *d c; // device copies of a, b, c

int size = N * sizeof(int);

// Alloc space for device copies of a, b, c
cudaMalloc((void **)&d a, size);
cudaMalloc((void **)&d b, size);
cudaMalloc((void **)&d c, size);

// Alloc space for host copies of a, b, ¢ and setup input values
a = (int *)malloc(size); random ints(a, N);

b = (int *)malloc(size); random ints(b, N);

c = (int *)malloc(size) ;



KESR (BHE, N=512) : main >

// Copy inputs to device
cudaMemcpy (d a, a, size, cudaMemcpyHostToDevice) ;
cudaMemcpy (d b, b, size, cudaMemcpyHostToDevice) ;

// Launch mul () kernel on GPU with N blocks
mul<<<N,1>>>(d a, d b, d c);

// Copy result back to host
cudaMemcpy (c, d c, size, cudaMemcpyDeviceToHost) ;

for (int i=0; i<N; i++) sum += c[i]; // Reduce on Host

// Cleanup
free(a); free(b); free(c);
cudaFree (d _a); cudaFree(d b); cudaFree(d c);

return 0;}



KERRE (BHE, N=512) : IFIKYITLY ?

¢ BEAREEIREImSeRALINE ? <<<X1, X2>>>
. X1 : 12E kernel fY block £#§8 ; block ZBIAREE(S
* X2: 188 kernel By block P thread (1) %% ;
* block RZfzERLAEIE shared memory (XERTF) SEIREN

o
i

mul<<<l, 1 >>>();

mul<<<l, N >>>();

* block AARBZIEREZ%IE ID X9 threadIdx.x
. shared : AIFHEREF

<3

NVIDIA



12&5IRI3LY : kernel N>

__global  void mul(int *a, int *b, int *sum) ({
__shared  int c[N];
c[threadIdx.x] = a[threadIdx.x] * b[threadIdx.x];

// Reduce code
}

* 19&Kin , i8R thread #1717

thread O thread 1 thread 2 thread 3



. . oA
553 = () R EAY TR )
INnnEENERE RN

T
thread ID @ﬁi@i@ﬁ@i@i@d

8 ]-2]tjejojofaf7]2]a]2]7]0]t1]0]2]

L7 L
oxo"
ﬂﬂﬂﬂﬂlﬂﬂ
G

41]20]13]13jojofaj7]|2]3]2]7]0]tt]o0]2]

thread ID



e B AR >

// Reduce code
for (int i=N/2; i>0; i=i/2) {
if (threadIdx.x < i) {

c[threadIdx.x] +=
c[threadIdx.x+1i];

}

if (threadldx.x == 0)
*sum = c[threadIdx.x]



ISR IRILYSCIR ¢ (@55 ? <2

-u---------n-

BEEE===————
thread ID @Iﬁ@ﬁ( @I@d
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———' e
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18 8ZIR132Y: EMRENR? >

__syncthreads() ;

// Reduce code
for (int i=N/2; i>0; i=i/2) {
if (threadIdx.x < i) {

c[threadIdx.x] +=
c[threadIdx.x+1i];

__syncthreads() ;

}

if (threadldx.x == 0)
*sum = c[threadIdx.x]



1852081328 kernel 2E4L13 2

__global  void mul(int *a, int *b, int *sum) {
__shared  int c[N];
c[threadIdx.x] = a[threadIdx.x] * b[threadIdx.x];

__syncthreads() ;

// Reduce code

for (int i=N/2; i>0; i=i/2) {
if (threadIdx.x < i)

c[threadldx.x] +=
c[threadIldx.x+i];

__syncthreads() ;

}
if (threadldx.x == 0) // shared memory to global memory

*sum = c[threadIdx.x]



KEEF (BHE, N=512) : main N>

#define N 512
int main(void) {
int *a, *b, sum; // host copies of a, b
int *d a, *d b, *d sum; // device copies of a, b, sum

int size = N * sizeof(int);

// Alloc space for device copies of a, b, c
cudaMalloc((void **)&d a, size);
cudaMalloc((void **)&d b, size);
cudaMalloc((void **) &d sum, sizeof(int));

// Alloc space for host copies of a, b, ¢ and setup input values
a = (int *)malloc(size); random ints(a, N);
b = (int *)malloc(size); random ints(b, N);



KESR (BHE, N=512) : main >

// Copy inputs to device
cudaMemcpy (d a, a, size, cudaMemcpyHostToDevice) ;

cudaMemcpy (d b, b, size, cudaMemcpyHostToDevice) ;

// Launch mul () kernel on GPU with N threads
mul<<<l, N>>>(d a, d b, d sum);

// Copy result back to host
cudaMemcpy (&sum, d sum, sizeof(int), cudaMemcpyDeviceToHost) ;

// Cleanup
free(a); free(b); free(c);
cudaFree (d _a); cudaFree(d b); cudaFree(d c);

return 0;



INEE (1 of 2) =

* EFheSE
® F4l Host CPU & AfE
* iGa&FDevice GPU & AIfE

® global device host
® _ global__: EHin@H. &&iRAIT
* _ device_ :8&imEH. RFiRAT
* _host_ : FHimER. ENisHT
® _ host__ _ device__ : RNEEHIGFIENIREREFBIRE
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» fR5 CUDA iEFERI=2H
¢ ERFREIEAE  FBERMNENREFEENEIZSSHE
* A kernel , BRRIZHIRAIHZITE
» BiTEESRMNEEAEEREIENRE , FEMRAE

» ZIERMEHRSH
* orid: block BYEES , H blockldx #FiR., AR block ZIEIABEE(S
® block: thread BIEES , H threadldx xR
* [@E—/ block PIAIZEIERED shared memory B
® H _ sycnthreads() R



A A FRR ? >

* mENEGENEEANER
o EEE  BMEER , SARE—MERE << —MEERR, AR

* BT AN ?

* Warp : F—1"%IZIRAANELE 32 PN &iz
* Warp £ GPU EITHiEE R TT
* [FA—1 warp ARIFRIBZ&EENITIHRRIIES




Block A/t <2

* E.g. blockDim = 160
* 59 warp
* E.g. blockDim = 161

® 6 > warp

¢ WFE—HER

* N warp, 31/ 32 R%

¢ WFBFER

* N/32 4> warp, &HIR%E
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K2R : AHEES SNSRI >

* BENEAT
® 2 blocks, 84 block RE—/1 &2 . TixAYN

. 5@ block, 4 ‘block BEB /M &2 : block FERRHBERE] , AR N JEEX
YiEhs

o ZEEREZ blocks #1 21 threads &b

2 N RAERE KRIIGH

¢ BAERIRSENES | UMESESHLEEREZENTRXR




Z /" blocks fll threads BI&iiERYZE| <,

¢ blockIdx.x *ﬂ threadIdx.x
¢ E[EH4 blocks, 81H 8 threads>FEIESFHFUIBLUEAIRS|IXHR

threadIdx.x threadIdx.x threadIdx.x
[0123456701234567 01234567]
N N J N J
Y Y Y
blockldx.x = 0 blocklIdx.x = 1 blockldx.x = 3




#4RZ=3|: L >

¢ N SIERPIEESITREXNMIGRIEE ?

[0 112|3|4 (5|6 |7]|8 910ll1213141516l71819202122232425262728293031]

blockDim.x
/

N

e
A
[0123456701234567 5 01234567J

int index = threadldx.x + blockIdx.x * 8;
5 + 2 * 8;
21;



KEER : AIHEAS SRS EIE >

» f§ blockIdx.x ¥l threadIdx.x %}, BEXRH blockDim.x {ff
ELIESHFUIBEIR ZBIRIXI R R

int index = threadlIdx.x + blockIdx.x * blockDim.x;

» (EIERA , (M shared memory SLIMEIZEIES | SoRZIERAIER
SHRITE

6 %;%thlﬁl , TTik@EfE. B, sBsFaYI3Ld (BNEF) , ReefEElin



FREHERZSEERNSEE : ¥ kernel &

NVIDIA
__global  void mul(int *a, int *b, int *sub sum) {

__shared  int c[THREADS PER BLOCK];

int index = threadIdx.x + blockIdx.x * blockDim.x;

c[threadIdx.x] = a[index] * b[index];

__syncthreads() ;
// Reduce code
for (int i=THREADS PER BLOCK/2; i>0; i=i/2) ({
if (threadIdx.x < i)
c[threadIdx.x] +=

c[threadIdx.x+1i];
__syncthreads() ;

}

if (threadldx.x == 0) // shared memory to global memory
sub_sum[blockldx.x] = c[threadIdx. x]



RIHEASSERMSEE : =8 main 2

#define N (2048*2048)

#define THREADS PER BLOCK 512

#define BLOCKS NUM (N / THREADS PER BLOCK )

int main(void) {
int *a, *b, *sub sum, sum=0; // host copies of a, b, sub sum
int *d a, *d b, *d sub sum; // device copies of a, b, sub sum

int size = N * sizeof (int);

// Alloc space for device copies of a, b, sub sum
cudaMalloc((void **)&d a, size);

cudaMalloc ((void **)&d b, size);
cudaMalloc((void **) &d sub sum, sizeof(int)* BLOCKS NUM ) ;

// Alloc for host copies of a, b, sub sum and setup input values
a = (int *)malloc(size); random ints(a, N);

b = (int *)malloc(size); random ints(b, N);

sub_sum = (int *)malloc(sizeof (int)* BLOCKS NUM ) ;



FIHEASSERNSEE : =8 main >

// Copy inputs to device
cudaMemcpy (d a, a, size, cudaMemcpyHostToDevice) ;
cudaMemcpy (d b, b, size, cudaMemcpyHostToDevice) ;

// Launch mul () kernel on GPU
mul<<< BLOCKS NUM, THREADS PER BLOCK>>>(d a, d b, d sub sum);

// Copy result back to host
cudaMemcpy (sub_sum, d sub sum, size, cudaMemcpyDeviceToHost) ;

// Reduce on Host
for (int i=0; i< BLOCKS NUM; i++) sum += sub sum[i];

// Cleanup
free(a); free(b); free(sub sum);
cudaFree(d a); cudaFree(d b); cudaFree(d sub sum) ; return 0;}
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GPU

Software

>

NVIDIA

Thread

CUDA Core

Threads are executed by cuda core

Thread Block

Thread blocks are executed on SM

KRR R

Grid

A kernel is launched as a grid of thread blocks
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NVIDIA

¢ STMEENS/INEERDE
* FIAMFELEE blockDim.x , SEIMZRES L IREIRRIZEIXR
v BAGIERSEERSFIRYIEALL
* BB FNVALIRE SFNTEEN IR

WE“""_ (built-in)

threadldx - &2 ID
® blockldx - EfFR 1D
® blockDim - blockBY4EE
. gridDim . grid BO4ERE

¢ XONMNAEE E%IZ;E dim3 BT E (threadldx.x; threadldx.y; threadldx.z)
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1D Stencil :ﬁ%

* WFSA M EATE
 EEHIIRAEEENSE
» BAMNARENSBREEBRICA radius

* 2 1D Stencil 118 , radius =3, 172818

SEME 7 )M PERE
FAANAAN
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{£ block FREEI Stencil 11H&
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1D Stencil 175/ Kernel

__global  void stencil 1ld(int *in, int *out) {
__shared  int temp[BLOCK SIZE + 2 * RADIUS];
int gindex = threadIdx.x + blockIdx.x * blockDim.x;
int lindex = threadIdx.x + RADIUS;

// Read input elements into shared memory
temp[lindex] = in[gindex];
if (threadIdx.x < RADIUS) {
temp[lindex - RADIUS] = in[gindex - RADIUS];
temp[lindex + BLOCK SIZE] =
in[gindex + BLOCK_ SIZE];

// Synchronize (ensure all the data is available)
__syncthreads() ;

>

NVIDIA




1D Stencil 175/ Kernel S,%A

// Apply the stencil

int result = 0;

for (int offset = -RADIUS ; offset <= RADIUS ; offset++)
result += temp[lindex + offset];

// Store the result
out[gindex] = result;
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» Stencil 118
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CUDA C/C++ BIENME : SFRNEMAE 2 S

» EXREE
o BUEUE , ENMRSE
® _ global__, _ device__, _ _host__

© SiERRREBRLRLEN | Grid #l Block
¢ AEFHALRE
¢® Shared memory/Global memory/Register
® Global memory/Constant memory/Texture memory

® Cache

¢ AFEE
® cudaMalloc (), cudaFree()
# cudaMemcpyAsync (), cudaMemcpy ()

* Stencil i1t8
» FJAshared memoryif/\Wglobal memory ihIEAIFIF
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