.i;:-:;i'-t '1 ? ,j >.§
W -
S Tringhun Univeraiy

fﬁﬁﬂ’l‘ﬁ#ﬁﬁ
A ar e Y e

XBIPZR
dengyd@tsinghua.edu.cn

BRERFERFERET



B2
Day 1: CUDAKE &
Day 2: gmtEt Al

Day 3: % PR MITE-1if 2%
Day 4: HEER Tt

-

i




< W CUDARERF T SEfl

- N

B Z5R
B HATREHR

W SRR AR
. W CUDAZZ E MR

B CUDA librariesfIf2 /&t




CPU (Host)

Intel® Pentium® 4
Processor
Extreme Edition
PCl Express®
x16 Graphics

Intel High
Definition Audio
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T ATA Ports
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GPUME 4 —GT200

¥ 1.4 billion transistors
B TSMC 65nm process
M 583.2 mm?

m 30 SM’s
® 240 SP’s
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|I| Vertex thread setup and input assembler

[2] seametry thread setup

[2] Pixel thread setup

[#] Global thread schedular

[5] Triangle satup (1 tri/clk), rasterisation and Z-cull
|E|111|rn|| processing cluster

Par cluster scheduler and register file (half shader frequency]
5P and interpolator/special ALU groups

[2] 2 x 8-way scalar FP32 5P ALUS [MADD + MUL dual-issue/clk)

E 2 x B-way FP32 scalar interpolator (1 attrib/fclk) and special function (4 clks/op) ALUs

@ 4 pinelsfclk data address and setup
[1] 8 1nTS bilerps,/cik filtering + L1 local store (8KiB) E

-
E ROP partition >

E ROP with 8Z or 8C sam clk, Zclk FP16 blend
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[15] L2 shared data store (128KiB)
[16] orAmM pair (2 x 32-bit)
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Streaming Processor (SP)

m A fully pipelined, single-issue, in-
order microprocessor

Stresming Processor (S5 ® 2 ALUs and a FPU
Ty ® Register file
® 32-bit scalar processing

® No instruction fetch and
scheduling

® No cache




Streaming Multiprocessor (SM)

Streaming

Multiprocessor (SM)

x|
)
e
e &
By

LN

® An array of SPs
® 8 streaming processor

® 2 Special Function Units (SFU)

« Eachis also a fully pipelined, single-issue, in-order
microprocessor

. 4FPU's

> Transcendental operations (e.g. sin,
cosin) and interpolation

® A 16KB read/write shared memory

+ Not a cache

* But a software-managed data store
® Multithreading issuing unit

* Dispatch instructions
® Instruction and constant cache



Texture/Processor Cluster (TPC)

® A modular array
Ceomety Comeser ® Streaming multiprocessors

SMC

oMl sm | swm ® Share a texture units
oo (ol o» | o= Qi o= o= « Texture cache

oo o= I == [= JIl = =

oo | oo {8 == [ == Il = =
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Modern GPU = Streaming Processor Array
(SPA)

Streaming Processors per TPC 16 16 24
Texture Address Units per TPC 4 8 8
Texture Filtering Units per TPC 8 8 8
Total SPs 128 128 240
Total Texture Address Units 32

Total Texture Filtering Units 64
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CYV &

Declspecs
® global, device,
® shared, local, constant

__device__ float filter[N];
__global__ void convolve (float *image) {
__shared__ float region[M];

H Ke)ANOYdS region[threadldx] = image[i];
® threadldx, blockldx
. th.readDim, blockDim __syncthreads()
Intrinsics ...
® _ syncthreads image[j] = result;

3

. // Allocate GPU memory
B Runtime API void *myimage = cudaMal loc(bytes)

® Memory, symbol, execution management

// 100 blocks, 10 threads per block
fo0<<<100, 10>>> (parameters);

M Function launch

LN

12




< W CUDARERF T SEfl

| TN
CRZ30)
B IR ITREAR

W AR RN N A
- W CUDAZS &= 1R L

B CUDA librariesfIf2 /&t

13



HITHERNEE
14

®y=a+hblly, a, bvectors

2%

®P=MxN /[P, M, N matrices

W 3%

® CT or MRl imaging

e e w

L] d ? ;}. =
W) s |
Nt Tsinghon Uhnlversiny

al0] | a[1] a[n]
+ + +
b[0] | b[1] b[n]
y[O] | y[1] y[n]

X
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HITSRIEHRALSN

B Thread: JATHIEA BAL

B Thread block: EAE1ERIZLTEA
® Cooperative Thread Array (CTA)
® RVFFILFP
o JEIFREILE N AT H LR
® Dl14E. 24EE34EH L
® HEZAFSNELE
B Grid: —#thread block
® Dl14E. 24BN 34EH L
o HELFNF
B Kernel: ZEGPU_EHAT IR O

® One kernel <> one grid

Host Device
Grid 1
Kerne Block = Block | Block
I 0,00 | (1,0) | (20
BIoch" Block \\ Block
(01/1) (1! 1) \ (21 1)
/' Il: II“\
;" Grid,2 i
Kerne — > [/ [,
|2 /’ /I ‘\
,’ ’ 0 \‘
¥l | | L
Block (1, 1)
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Block and Thread IDs

B ThreadsFiblocks EL & IDs
® threadldx, blockldx
® Block ID: 1D or 2D
® Thread ID: 1D, 2D, or 3D

© H Ik R e AR B A B A

Device
Grid 1
Block Block Block
(0,0) (1,0) (2,0)
Block Block l Block
0, 1) (1,1) (2, 1)
I |
Block (1, 1)
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W Threads are grouped into thread blocks

W Kernel = a grid of thread blocks

® Thread blocksf TR B IRFF B R
* HENTAEAREBEHERNGPU

fleoat x =
input [threadID]; input [threadID] ; input [threadID] ;
float y = fune(x); float v = func(x); EEm float v = funcix);

_ output [threadID] = v; - output [threadID] = y; _ output [threadID] = y; -
. W W W W W W N N N N N O N N " N W W N




 ZREMED

W void __ syncthreads();

® Barrier synchronization

® [7]thread blockz N HI A 218
® Jat 515 [°) 3L 2 N FE I &K AERAW/WAR/WAW

5

(hazard)

__shared__ float scratch[256];

scratch[threadID] = begin[threadID];

__syncthreads(); <— HIER, BEEMF

e Int left = scratch[threadID -1]; *%%5@]5?5.7." ;:ﬁﬁ‘ﬂlﬁ'

LT THERRHE
T (T, ‘- d ? { ‘é,




Dead-Lock with __ syncthreads

M Dead-lock if

® Some threads have val
larger than threshold

® And others not

__global__ void compute(...)

{

/I do some computation for val

If( val > threshold )
return;

__syncthreads();
/[l work with val & store it
return;

20




Block 2
—Block 1 ® A warp of 32 threads physically
> Block 0 running on SM
’ S ® Sharing instructions
\ __ ® 4cycles for 1 warp instruction
=] it . Wy

L]

Cwsmmese ] | ® Dynamically scheduled by SM
BRI
 Executed when operands ready

2
oe [ I s
EE
NN RIRRREEN]
T E L
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SEA0: Increment Array Elements

/ICPU program
void inc_cpu(float *a, float *b, int N)

for (intidx = 0; idx<N; idx++)
a[idx] = a[idx] + b;

/ICUDA program
__global__void inc_gpu(float *a, float *b, int N)
{
intidx =blockldx.x* blockDim.x+ threadldx.x;
if (idx <N)
a[idx] = a[idx] + b;

void main()

dim3 dimBlock (blocksize);
dim3 dimGrid( ceil( N / (float)blocksize) );
inc_gpu<<<dimGrid, dimBlock>>>(a, b, N);

Z A
4y
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A A2 [H]

(Device) Grid

R/W per-thread registers

® 1-cycle latency Block (0, 0) Block (1, 0)

R/W per-thread local memory

4
4

® Slow - register spilling to global memory
. l-CyCIe Iatency Thread (0, 0) | Thread (1, 0) | Thread (0, 0)||Thread (1, 0)

R/W per-block shared memory
® But bank conflicts may drag down

R/W per-grid global memory i i
® ~500-cycle latency | i
® But coalescing accessing could hide latency

Read only per-grid constant and texture
memories

® ~500-cycle latency

® But cached

Host

2=,
SN
P
AR,

24




GPU Global Memory43fid

(Device) Grid

W cudaMalloc()
® B B A7+ Hglobal memory
® NS
.« XTHREATEE

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

| |

4
4

Thread (0, 0)| Thread (1, 0) |  |Thread (0, 0)| Thread (1, O)

© HARN

y 4

W cudaFree()
e X0 B A rhihalahal
AT )X T B Yilvual

© NREAT

wl
4
.4

oF
ﬁl

Host

RIS 25




GPU Global Memory43fid

W RS ST
® 43Hc64 x 645K BV S B
o A FeEIMd
o A “d” RNGPUBFEHIELEM

int BLOCK_SIZE = 64;
float* Md,;
int size = BLOCK_SIZE * BLOCK_SIZE * sizeof(float);

cudaMalloc((void**)&Md, size);
cudaFree(Md);

l” ¥ 4%
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Host — Device {#E 32 #h

™ cudaMemcpy()

® Memory data transfer
® Requires four parameters

* Pointer to destination
Pointer to source
Number of bytes copied

Type of transfer
> Host to Host
> Host to Device
> Device to Host
> Device to Device

anghun D

= aNg

(Device) Grid

Block (0, 0)

’

4

Block (1, 0)

4

’

Thread (0, 0)| Thread (1, 0)

Thread (0O, 0)

Thread (1, 0)

Host

27




Host — Device £ #E 32 #a
W RS ST

® M.elements: CPUE %
® Md: GPUR %
® &= 2% cudaMemcpyHostToDeviceZFlcudaMemcpyDeviceToHost

cudaMemcpy(Md, M.elements, size, cudaMemcpyHostToDevice);

cudaMemcpy(M.elements, Md, size, cudaMemcpyDeviceToHost);

28
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CUDAG| NHI#HT

W device

® f#fF T GPU_LHglobal memoryZs ]

© NN R BAA A B H A B (lifetime)

o T #kgridsF A SFEAEE, CPUARALIE T runtime B8 S 72 B
B constant__

® fi%HF T GPU_L Hconstant memoryZs [g]

o MR BAA A E R A o BA(lifetime)

o T #kgridsF A SFEAEEN, CPUARAZIE T runtime B8 S 72 B
B _ shared

® fiZ1F T GPU Lthread block A 3L =17 fig 58

® Fithread block B A #H [F) B 4 Ay #A (lifetime)

o Hfetfithread block P £ FEAEEL
B LocalZT&E

® fEFTSMMA K EF % Fllocal memory

® Fithread B [ B4 i H (lifetime)

= R

e =
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CUDASREH#ERAY

B Built-ine E&HdE LAY

® intl, int2, int3, int4, floatl, float2, float3, float4, ...

o Bl int4iv(1, 2, 3, 4)
>jvw =1,iv.x=2,iv.y =3,iv.z=4

W Texture type
® texture<Type, Dim, ReadMode> texRef;
 Type: integer or fioat
« Dim:1,2,0r3
+ ReadMode:

> cudaReadModeNormalizedFloat
> cudaReadModeElementType

31



Built-in dim3 Type

B E X gridFnthread blockgy £ 4R
® dim3 dimGrid(2, 2);

® dim3 dimBlock(4, 2, 2); "] Block” | Block
® kernelFunction<<< dimGrid, dimBlock>>>(...); 0.0 1,0

4 Bloc[("/ Block
01 1,1

Threads/6’0,1/1,0,1/2,0,1/3,6,1

0,00 10,0 | 20,0 | 3,00

0,10 | 1,20 | 2,10 | 3,1,0

32




CUDARREIE X

Executed on

Only callable from

the: the:
~device float DeviceFunc() device device
~_global  void KernelFunc() device host
__host  float HostFunc() host host

® IR [F]void

B _ global__ 5 S{kernel & %X

M device M1 host A PAAHE{EH
o NIk E XK R BAECPUFIGPU L #4473

33




CUDARREIE X

__device_ pREIAEE,

5
® N FFE AR

* type va_list(stdarg.h)

&Iz H A

BN

® RN FFEE7S T E (static variable)
® NFAIZEKESHREUAH

* double average(int count, ...)



Kernelg& £y 18 FH

M A kernel function must be called with an execution
configuration:

__global __ void KernelFunc(...);
dim3 DimGrid(100, 50); // 5000 thread blocks

Aim2 DimDIA (A O o\- /]9 thrandce v hinnl,
Gimo UIIIIDIUbr\\‘-I', y O)y, 11 LJU LIIICQUD IJCI DI0CK

size_t SharedMemBytes = 64; // 64 bytes of shared memory
KernelFunc<<< DimGrid, DimBlock, SharedMemBytes >>>(...);

35



W pow, sqgrt, cbrt, hypot, exp, exp2, expml, log, log2, log10,

0g1p, sin, cos, tan, asin, acos, atan, atan2, sinh, cosh,

tanh, asinh, acosh, atanh, cell, floor, trunc, round, etc.

o X FtrEIBH

o FLREAE —ME . BRI N RS
« PI” "NEIZR, W0 sin()
. SIETFX-use fast mathZR&|4E Ri%IR A K B ARG

5% A B AR B S P R R BT B BT

36



| R
S om
B IFTERIEA R

W AR AR N A

. W CUDAZEEF1 R %L

B CUDATE 7 vTsLil

B CUDA librariesfIf2 FFig 1t

37



s2451: SAXPY (Sum of Alpha X Plus Y)

void main(}{ /[lcompute vector sum S = alpha*X + Y
float*S=...,*X = ..., *Y; /lallocate host (CPU) memory
INtN=...; lllength of vector

float *Xd, *Yd, *Sd; /lallocate device
cudaMaIIoc( (v0|d**) &Xd, N * sizeof(float));
cudaMalloc( (void**) &Yd, N * sizeof(float));
cudaMalloc( (void**) &Sd, N * sizeof(float));

—~

GPU) memory

N— N
\./\./\./

/lcopy host memory to device
cudaMemCopy(Xd, X, N * sizeof(float), cudaMemcpyHosttoDevice);
cudaMemCopy(Yd, Y, N * sizeof(float), cudaMemcpyHosttoDevice);

A =5 /lexecute the kernel on N/256 blocks of threads

i saxpy<<<N/256, 256>>>(Xd, Yd, Sd, alpha, N);
= cudaMemCopy(S, Sd, N * sizeof(float), cudaMemcpyDeviceToHost);
o cudaFree(Xd); cudaFree(Yd); cudaFree(Sd); /lfree memory

- Tsinehon Uheiversin 38




SEA1: SAXPY kernel

/[compute vector sum S = alpha*X +Y
/leach thread performs a pair-wise addition
__global__ void saxpy(float *Xd, float *Yd, float *Sd, float alpha, int
N)

A
- Int | = threadldx.x + blockDim.x * blockldx.x;
if(i < N)

Sd[i] = alpha * Xd[i] + Yd[i];

39




R AR .

eviE.ul?
cvt.u32.ulb
cvt.u32.ulé6
mad?24.lo.u32
1d.param.u3?2

e Tl

gt e 1137

@$pi bra

mul.lo.u32
ld.param.uzZ
add.u3Z
ld.glcbal.f32
1d.param.u32
add.u32
ld.global .32

ld.param.f32
mad.f32

st.global .32

SL finish:

// Calculate i from thread/block IDs
threadldx.x + blockDim.x

Sblockid,
Sblocksize,
Stid, %$tid.x; * blockldx.x
$i, Sblockid, S$blocksize, Stid;

// Nothing to do if n < i

if(i < N)
Sd[i] = alpha * Xd[i] + Yd[i];
// Load y[i]

addr, Syaddr, Soffset;
[Syaddr+0] 7

[X]:

E;Xal:j{j]f, Soffse

[Sxaddr+0];

Sxaddr,
o5 1.,

// Load x[i]
t;

$alpha, [ALPHA]:
Sy i, Salpha, S$x 1,
[Syaddr+0], Sy i:

// Compute and store alpha*x[i] + y[i]

Sy i

exit;

40



SEH2: %

1 [ FH 3

B JEMERIER A - NE TCUDA!
B BEREEERE

® width x height{M T
B FEPFETEFEelementsH

¢ 1-DERFRUER LR

® Row-major storage

typedef struct {
int width;
int height;
float* elements;
} Matrix;

v

A

\ 4
A




SEAR 2: %E [ AE e

B C=AxBofsize WIDTH x WIDTH
- ANREAE - NMERETTER
o fijfk: e WIDTH x WIDTH < 512
o HFEZE—/ thread block
® ZREHAAR—ITHBHI—7
® ANIBH)—XFAH M. JT R AE— IRFRIE N —

R InyE

A
\ 4

A

v




CUDA Implementation — Main()

int main(void) { /Inost side
Il Allocate and initialize the matrices
Matrix A = AllocateMatrix(WIDTH, WIDTH, 1);
Matrix B = AllocateMatrix(WIDTH, WIDTH, 1);
Matrix C = AllocateMatrix(WIDTH, WIDTH, 0);

/I C = A x B on the device
Mul(A, B, C);

Il Free matrices
FreeMatrix(A);
FreeMatrix(B);
FreeMatrix(C);
return 0;

43



CUDA Implementation — Host Side

/I Matrix multiplication on the device
void Mul(const Matrix A, const Matrix B, Matrix C)

int size = A.width x A.width x sizeof(float);

/I Load M and N to the device

float *Ad, *Bd, *Cd,;

cudaMalloc((void**)&Ad, size);  //Imatrix stored in linear order
cudaMemcpy(Ad, A.elements, size, cudaMemcpyHostToDevice);
cudaMalloc((void**)&Bd, size);

cudaMemcpy(Bd, B.elements, size, cudaMemcpyHostToDevice);

/I Allocate C on the device
cudaMalloc((void**)&Cd, size);

44



CUDA Implementation — Host Side

Il Launch the device computation threads!
dim3 dimGrid(1);
dim3 dimBlock(M.width, M.width);
Muld<<<dimGrid, dimBlock>>>(Ad, Bd, Cd, M.width);

/I Read P from the device
copyFromDeviceMatrix(C.elements, Cd);
cudaMemCopy(C, Cd, N * size, cudaMemcpyDeviceToHost);

/I Free device matrices
cudaFree(Ad);
cudaFree(Bd);
cudaFree(Cd);

45



CUDA Implementation — Kernel

/I Matrix multiplication kernel — thread specification
__global__ void Muld (float* Ad, float* Bd, float* Cd, int width)

/I 2D Thread ID
int tx = threadldx.x;
int ty = threadldx.y;

Il cvalue is used to store the element of the matrix
/l that is computed by the thread
float cvalue = 0;

46



CUDA Implementation — Kernel

for (int k = 0; k < width; ++k)

{
float ae = Ad[ty * width + k];
float be = Bd [tx + k * width];
cvalue += ae * be;

}

Il Write the matrix to device memory;

Il each thread writes one element

Cd[ty * width + tx] = cvalue;

A
v
A

\ 4




SEBI3: {ERR <A AR SR

® A 2D thread block
® Computes a BLOCK_SIZE x BLOCK_SIZE sub-
matrix of the result matrix
* Each has (BLOCK_SIZE)? threads
® Use shared memory to store elements in the
corresponding blocks of Aand B
« Shared by all threads in thread block

m (anarata 2 2D arid nf WA/RI OCK KI7F X
EEONJ O 1UALL (U ALY Ul IUAu Ul VvV \ LJl—V\Jl\_UlLl—

1H1v

WB/BLOCK_SIZE blocks

40




CUDA Implementation - Host

Il Thread block size

#define BLOCK_SIZE 16

Il Forward declaration of the device multiplication function
__global__ void Muld(float*, float*, int, int, float*);

/I Host multiplication function
void Mul(const Matrix A, const Matrix B, Matrix C) {
/l Load A and B to the device
float *Ad, *Bd;
size = A.height * A.width * sizeof(float);
cudaMalloc((void**)&Ad, size);
cudaMemcpy(Ad, A, size, cudaMemcpyHostToDevice);

size = B.height * B.width * sizeof(float);
cudaMalloc((void**)&Bd, size);
cudaMemcpy(Bd, B, size, cudaMemcpyHostToDevice);

49



CUDA Implementation - Host

/I Allocate P on the device

float* Cd,;

size = A.height * B.width * sizeof{(float);
cudaMalloc((void**)&Cd, size);

/I Compute the execution configuration assuming
/I the matrix dimensions are multiples of BLOCK_SIZE
dim3 dimBlock(BLOCK_SIZE, BLOCK_SIZE);

dim3 dimGrid(wB / BLOCK_SIZE, hA / BLOGK_SIZE);

-k




CUDA Implementation - Host

/I Launch the device computation
Muld<<<dimGrid, dimBlock>>>(Ad, Bd, A.width, B.width, Cd);

/I Read C from the device
cudaMemcpy(C, Cd, size, cudaMemcpyDeviceToHost);

/| Free device memory
cudaFree(Ad);
cudaFree(Bd);
cudaFree(Cd);

51



CUDA Implementation - Kernel

/I Device multiplication function called by Mul()

[ Compute C=AXB
Il wA is the width of A and wB is the width of B
__global__ void Muld(float* A, float* B, int wA, int wB, float* C)

I Thread index
int tx = threadldx.x; int ty = threadldx.y;

52



CUDA Implementation - Kernel

Il Index of the first sub-matrix of A processed by the block
int aBegin = wA * BLOCK_SIZE * by;

Il Index of the last sub-matrix of A processed by the block
int aEnd = aBegin + WA - 1;

Il Step size used to iterate through the sub-matrices of A
int aStep = BLOCK_SIZE;

Il Index of the first sub-matrix of B processed by the block
int bBegin = BLOCK_SIZE * bx;

Il Step size used to iterate through the sub-matrices of B
int bStep = BLOCK_SIZE * wB;

bBegin
B H
bStep| E’ ’
" aStep
— 0 P
— | E -

Bil O _SITFW




CUDA Implementation - Kernel

Il The element of the block sub-matrix that is computed by the thread
float Csub = 0;

Il Loop over all the sub-matrices of A and B required to

Il compute the block sub-matrix

for (int a = aBegin, b = bBegin; a <= aknd; a += aStep, b += bStep) {
/I Shared memory for the sub-matrix of A
__shared__ float As[BLOCK_SIZE][BLOCK_SIZE];

/I Shared memory for the sub-matrix of B
__shared__ float BsS[BLOCK_SIZE][BLOCK_SIZE];

bStep

aBegin aStep

CLLEES aEnd—

Al (EH_STTE




CUDA Implementation - Kernel

Il Load the matrices from global memory to shared memory;
/I each thread loads one element of each matrix

As[ty][tx] = Ala + WA * ty + tX];

Bs[ty][tx] = B[b + wB * ty + tx];

Il Synchronize to make sure the matrices are loaded
__syncthreads();

I Multiply the two matrices together; each thread computes ; .
Il one element of the block sub-matrix bStep| . :g »
for (int k = 0; k < BLOCK_SIZE; ++k) :

Csub += As[ty][k] * Bs[K][tx];




CUDA Implementation - Kernel

Il Synchronize to make sure that the preceding computation is done
/I before loading two new sub-matrices of A and B in the next iteration
__syncthreads();

/I Write the block sub-matrix to global memory;
Il each thread writes one element

int c =wB * BLOCK_SIZE * by + BLOCK_SIZE * bx;
Cl[c + wB * ty + tx] = Csub;
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CUDA Libraries
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© CUBLAS

B 7ECUDATE{4IR &/ _E SCIRRIBLAS (Basic Linear
Algebra Subprograms) API

® ZF R E X OCUDATE HIR B
EXRFEHER
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Supported Features

B R EBLASERZEY
® SC#g: level 1,2 and 3
® E#5: levell and CGEMM

(Level 1=vector vector O(N), Level 2= matrix vector O(N?), Level 3=matrix matrix O(N3))

m RS
® Column-major storage
® 1-based indexing
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CUBLAS Code Example

int main( void ){
float* host_vector, * device_vector;
host_vector = (float*) malloc(M*sizeof(float));

... I Initialize vector of M floats
cublasAlloc(M, sizeof(float), (void**) &device_vector);

cublasSetVector(M, sizeof(float), host_vector, device vector, 1);
cublasSscal(M, ALPHA, device vector, 1);
cublasGetVector(M, sizeof(float), device vector,host_vector, 1);

cublasFree(device vector);
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CUFFT

® Very efficient data parallel implementation

W Supported features:
® 1D, 2D and 3D transforms of complex and real-valued data

® Batched execution for doing multiple 1D transforms in
parallel

® 1D transform size up to 8M elements
® 2D and 3D transform sizes in the range [2,16384]

® In-place and out-of-place transforms for real and complex
data.
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CUFFT Code Example

#define NX 256

#define BATCH 10

cufftHandle plan;

cufftComplex *data;

cudaMalloc((void**)&data, sizeof(cufftComplex)*NX*BATCH);

[* Create a 1D FFT configuration. */
cufftPlanld(&plan, NX, CUFFT_C2C, BATCH);

[* Identical nmntprq to mnuf and output arravs imnlies in- nlarp transformation. */

v U Qicye! e

cufﬂExecCZC(pIan data data, CUFFT_FORWARD); //Forward transform
cufftExecC2C(plan, data, data, CUFFT_INVERSE); //Inverse transform

[* Destroy the CUFFT plan. */
cufﬁDestroy(pIan)'
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CUDARERF I 47 1% (compile)

B CUDAVE XAt nvecdm i C/C++ CUDA Generic

Application

® nvcc is acompiler driver

B nvecHiH .

.
® PTX (Parallel Thread eXecution) code

« Virtual ISA for multiple GPU PTX Cod
hardware —

¢ Just-In-Time compilation by CUDA
runtime

: Runtime
® GPU binary
* Device-specific binary object
® Standard C code
« With explicit parallelism Specialized
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CUDA%ZE Fr Ry s #£(Link)

B CUDARESZE K A NS 4 B
® CUDA runtime library (cudart)
® CUDA core library (cuda)
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Debugging in Device Emulation Mode

B mHdevice emulation mode (nvee -deviceemu) 5 2w 3 1)
CUDARAS 58 & 7ECPU_LIEAT
® {[53R FEECUDA runtime library
® ANFHEGPURE{HHICUDA driver
® fF—device(GPU)Z&FE HH—Mhost(CPU) R FE 1 B

® Use host native debug support (breakpoints, inspection, etc.)

® Access any device-specific data from host code and vice-versa

® Call any host function from device code (e.g. printf) and vice-versa

® Detect deadlock situations caused by improper usage of  syncthreads
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- Device Emulation Mode Pitfalls

B Device emulation modefthS B CPUAAT
® CPUZFENF EGPULTE
o RETFARG RAE
o HTIHITLREREXRIEE D
B % R H 5 R E 5
B R Ntdevice(GPU) BR # B Fe 41
® EGPUHATEL R T A RTF
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