Chapter 18 GPU (CUDA)

Speaker: Lung-Sheng Chien

Reference: [1] NVIDIA _CUDA _Programming_Guide 2.0.pdf

[2] CudaReferenceManual_2.0.pdf
[3] nvcc_2.0.pdf

[4] NVIDIA forum, http://forums.nvidia.com/index.php?act=idx
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- process versus thread
- SIMD versus SIMT

Example 1: vector addition, single core
Example 2: vector addition, multi-core
Example 3: matrix-matrix product
Embed nvcc to vc2005




Process versus thread

Reference: http://en.wikipedia.org/wiki/Thread (computer science)

A process is the "heaviest" unit of kernel scheduling. Processes own
resources allocated by the operating system. Resources include
memory, file handles, sockets, device handles, and windows.
Processes do not share address spaces or file resources except
through explicit methods such as inheriting file handles or shared
memory segments, or mapping the same file in a shared way.

2

A thread (i~ 5, A5FH) is the "lightest" unit of kernel scheduling. At
least one thread (main thread) exists within each process. If multiple
threads can exist within a process, then they share the same
memory and file resources. Threads do not own resources except
for a stack, a copy of the registers including the program counter




Spec [1]

Each multiprocessor is composed of 8 processors, so that a multiprocessor is able to
process the 32 threads of a warp in 4 clock cycles

fluid-01

fluid-02

matrix

Number of Compute

Multiprocessors | Capability
GeForce GTX 280 30 1.3
GeForce GTX 260 24 1.3
GeForce 9800 GX2 2x16 1.1
GeForce 96800 GTX 16 1.1
GeForce 8800 Ulira, 8300 GTX 16 1.0
GeForce 8800 GT 14 1.1
GeForce 9600 G50, 8800 G5, 8300M GTX 12 1.1
GeForce 8800 GTS 12 1.0
GeForce 9600 GT, BE00M GTS 2 1.1
GeForce 9500 GT, 8600 GTS, 8600 GT, 1.1
S700M GT, 8e00M GT, 8a00M GS
GeForce 8500 GT, 8400 G5, 3400M GT, 2 1.1
S400M GS
GeForce 8400M G 1 1.1
Tesla 31070 4x30 1.3
Tesla C1080 30 1.3
Tesla 5870 4x16 1.0

Support double-
precision



Product information: http://shopping.pchome.com.tw/ and http://www.sunfar.com.tw
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Geforce 9600GT

GPU Engine Specs:

Processor Cores
Graphics Clock (MHz)
Processor Clock (MHz)

Texture Fill Rate (billion/sec)

Memory Specs:

Memory Clock (MHz)
Standard Memoaory Config
Memory Interface Width

Memory Bandwidth (GEfsec)

Geforce 8800GT

GPU Engine Specs:

Processor Cores
Graphics Clock (MHz)
Processor Clock (MHz)

Texture Fill Rate (billion/sec)

Memory Specs:

Memory Clock (MHz)
Standard Memory Config
Memory Interface Width

Memory Bandwidth (GE/sec)

Spec

64

650 MHz
1625 MHz

20.8

900 MHz
512 MB

256-bit

7.6

112

600 MHz
1500 MHz

33.6

900 MHz

512 MB

256-hit

57.6

[2]



Geforce GTX260
GPU Engine Specs:

Processor Cores
Graphics Clock (MHz)
Processor Clock (MHz)

Texture Fill Rate (billion/sec)

Memory Specs:

Memory Clock (MHz)
Standard Memory Config
Memory Interface Width

Memory Bandwidth (GESfsec)

A very important new addition to the GeForce GTX 200 GPU architecture is
double-precision, 64-bit floating point computation support. This benefits various
high-end scientific, engineering, and financial computing applications or any
computational task requiring very high accuracy of results. Each SM incorporates a
double-precision 64-bit floating math unit, for a total of 30 double-precision 64-bit

pIDCE‘SSillg COIEs.

Spec [3]

192

576 MHz

1242 MHz

36.9

999 MHz

896 MB

443-bit

111.9




NVIDIA GPU and CUDA

GPU (graphic processor unit): embedded in graphic card (i)
CUDA is a parallel programming model provided by NVIDIA
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Spec for compute capability 1.0

The maximum number of threads per block is 512

The maximum sizes of the x-, y-, and z-dimension of a thread block
are 512, 512, and 64, respectively.

The maximum size of each dimension of a grid of thread blocks is
65535

The warp size is 32 threads

The number of registers per multiprocessor is 8192 (one
multiprocessor has 8 processors, one processor has 1024 registers)

The amount of shared memory available per multiprocessor is 16KB
organized into 16 banks.

The maximum number of active blocks per multiprocessor is 8
The maximum number of active warps per multiprocessor is 24
The maximum number of active threads per multiprocessor is 768



cuda

Reference: http://en.wikipedia.org/wiki/CUDA

CUDA (Compute Unified Device Architecture) is a compiler and
set of development tools that enable programmers to use a variation
of C based on the PathScale C compiler to code algorithms for
execution on the graphics processing unit (GPU).

CUDA has been developed by NVIDIA and to use this architecture
requires an Nvidia GPU and drivers.

Unlike CPUs, GPUs have a parallel "many-core" architecture, each
core capable of running thousands of threads simultaneously.

core are three key abstractions — a hierarchy of thread groups,
shared memories, and barrier synchronization.

the GPU is well-suited to address problems that can be expressed
as data-parallel computations — the same program is executed on
many data elements in parallel — with high arithmetic intensity — the
ratio of arithmetic operations to memory operations.



SIMD (vector machine)

Reference: http://en.wikipedia.org/wiki/SIMD

« SIMD (Single Instruction, Multiple Data) is a
technigue employed to achieve data level
parallelism, as in a vector processor.

- supercomputers

- MMX of pentium 4

- SSE (Streaming SIMD Extensions ) of x86
architecture

AlO] | AlL] | Al2] | A[3]

cfor (1 =0 i <« 4; i++ )
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SIMT (CUDA, Tesla architecture)

SIMT (single-instruction, multiple-thread): The multiprocessor maps each
thread to one scalar processor core, and each scalar thread executes
independently with its own instruction address and register state.

The multiprocessor SIMT unit creates, manages, schedules, and executes
threads in groups of 32 parallel threads called warps.

Individual threads composing a SIMT warp start together at the same
program address but are otherwise free to branch and execute
independently.

When a multiprocessor is given one or more thread blocks to execute, it
splits them into warps that get scheduled by the SIMT unit.

A warp executes one common instruction at a time, so full efficiency is
realized when all 32 threads of a warp agree on their execution path.

on-chip share memory Multithreaded instruction unit

8 scalar processor (SP) special function unit




A set of multiprocessors with on-chip shared memory

Device

Multiprocessor N

Geforce 8800GT has 14 multiprocessors < :

Multiprocessor 2

Multiprocessor 1

Shared memory (on-chip) is shared
by all scalar processor cores

One multiprocessor has &
—>

Processor 1 Processor 2 | * ** | Processor M

8 SP (scalar processor) ul

Instruction
Unit

Global memory (DRAM): not on-chip ——




Software stack

C-code, mixed CPU and GPU

CPU, main memory

CUFFT: FFT package
CUBLAS: blas package

GPU —
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Example 1: vector addition  [1]

Tell C++ compiler to compile function
computeGold as C-function

vecadd_gold.cpp

z #include <stdio.h>

j finclude <time.h> « — maegsure time

£ extern "CT <«

& wvoid computeGold( float®, const float¥*, const float¥®, unsigned int ) :

7

2 woid computeGold(float® C, const float* L, const float* B, unsigned int N )
s«

10 unsigned int i ;

11 clock t  start, end ;

1=z

13 start = clocki)

14 for ( i= 0; i < N ; ++1i)4

15 C[i] = A[i] + B[i] ! «— C=A+B

1& h

17 end = clock()

1z double dt = ((double) (end - start))/ | (double)CLOCES PER JEC) * 1000.0 ;
139 printcf ("ocompute gold wvector needs %10.4f (ms)Wn", dc ) ;

z0

gl 1}

clcok t clock(void)

returns the processor time used by the program since the beginning of execution, or -1 if unavailable.
clock()/CLOCKS PER_SEC is atime in seconds

Question: how to write vector addition in GPU version?




Example 1: vector addition  [2]
vecadd _GPU.cu

z #finclude <stdio.h>

2 // includes, project

4 finclude <cutil.h>

=

& extern "CT

?woid vecadd GPU(Lloac® h ©, const float® h A4, const float® h B, unsigned int N} ¢
g 1

2

1o woid wvecadd GPU(Lfloat® h ©, const float® h A4, const float® h B, unsigned int HN)
11 {

1z unsigned int memw size 4
13 unsigned int memw size B
14

15 4 allocate device memory

1ls float® d_A;

17 CUDA SAFE CALL (cudaMalloc((vold**] &d A, mem size A));
15 float® d _E:

12 CUDA SAFE CALL (cudaMalloc((void**] &d B, mem size B));
za

Ll S/ copy host memory to device

ZE CUDA SAFE CALL (cudaMemcpy(d A, h A, mem size A,

gizeof(float) * N ;
gizeof(float) * N ;

Z3 cudaMemcpyHostTolevice) 1;
z4 CUDA SAFE CALL (cudaMemcpy(d B, h B, mem size E,
ZE cudaMemcpyHostTolevice) 1;

extension .cu means cuda file, it cannot be compiled by g++/icpc, we must use cuda
compiler nvcc to compile it first, we will discuss this later

Header file in directory /usr/local/NVIDIA CUDA _SDK\common\inc

Tell C++ compiler to compile function vecadd GPU as C-function

cudaMalloc allocates device memory block in GPU device, the same as malloc



Example 1: vector addition  [3]

cudaError_t cudaMalloc( void#** devPtr, size_t count )

Allocates count bytes of linear memory on the device and returns in *devPtr a pointer to the allocated
memory. The allocated memory is suitably aligned for any kind of variable. The memory is not cleared.
cudaMalloc() returns cudaErrorMemoryAllocation in case of failure.

cudaSuccess

RE levant return values:
cudaErrorMemoryAllocation

5 cudaMemcpy copies data between GPU and host, the same as memcpy

cudaError_t cudab‘[emcpj,r{ void* dst, comnst void#* src, size_t count, enum cudaMemcpyKind kind

Coples count bytes from the memory area peinted to by sre to the memory area pointed to by dst,
where kind is one of cudaMemecepyHostToHost, cudaMemepyHostToDevice, cudaMemcpyDevice-

ToHost, or cudaMemcpyDeviceToDevice, and specifies the direction of the copy. The memory areas
may not overlap. Calling cudaMemepy( ) with dst and sre peinters that do not match the direction of the

copy results in an undefined behavior.

cudaSuccess

cudaErrorInvalid Value

Relevant return values:
cudaErrorInvalidDevicePoincer

cudaErrorInvalidMemcpyDirection



Example 1: vector addition  [4]

E7 4 allocate device memory for result

zg unsigned int mem size C = zsizeof(float) * N :

9 float* d C;

30 CUDA SAFE CALL (cudaMalloc((void¥*] &d C, mem size C)):

21
3E /Y create and start timer
33 unsigned int timer = 0O;

34 CUT_SAFE CALL (cutCreateTimer (&timer)];
35 CUT 3AFE CALL (cut3tartTimer (timer)]):
36

a7 S execute the kernel

ict-] vecadd<<< 1, N »»>id C, d 4, d B, Nj: .
35 — Measure time
40 /Y check if kernel execution generated and error
41 CUT CHECE ERROE(["Eernel execution failed™):;

4

43 /Y copy result from dewvice to host

44 CUDA SAFE CALL (cudaMemcpyih C, d C, mem size C,

45 cudaMemcpybeviceToHost) ;2

4

47 ff stop and destroy timer

45 CUT SAFE CALL (cut3topTimer (timer)):

43 prthf("ErDcessing time: (¥f (m=3) Wn", cutGetTimerValue (timer) ) : In faCt’ we can use_
50 CUT SAFE CALL (cutDeleteTimer (timer)): assert() to replace it
5l

£z CUDL SAFE CALL (cudaFree(d b)):
4e CUDL SAFE CALL (cudaFree(d EB)):
Ed CUDA JAFE CALL (cudaFree(d C)):

EL }
v

7zz2[]# define CUDA SAFE CALL{ eall) do i
Tz4 CUDL SAFE CALL MO 3VNCi{call): i
JEE cudaError err = cudaThread3ynochronize() : Y
. . 7zs [ if( cudaluccess != err) | i
Header flle Utll.h 927 fprintf(stderr, "Cuda error in file '%3' in line i : %=.4%n", Y
725 __FILE ., LINE ., cudaGetError3tringi err) |: h
7z9 exit (EXIT FAILURE) ; i

730 }} while (0]




Example 1: vector addition  [5]

7 vecadd<<< 1, N>>>(d C,d A,d B, N); iscalled kernel function in vecadd_kernel.cu

T

1 thread block N threads per thread block

vecadd_kernel.cu

3 #include <stdio.h>
4 #include <assert.h>

global  woid wecadd( float*® C, float® L, float* B, int N

E
8 | s __
71
& #ifdef DEVICE EMULATION
2 int bx = blockIdx.x
10 assert | 0 == Lbx) :
11 #Hendif
1z
10 |1z int i = threadldx.x ;
14 C[i] = A[i] + B[i]
15 }

global

The global  qualifier declares a function as being a kernel Such a function is:

Executed on the device,

Callable from the host only.

9 If we emulation ({%%*) GPU under CPU, then we can use standard /O, i.e. printf,
however if we execute on GPU, printf is forbidden.

In emulation mode, macro _ DEVICE_EMULATION__ s set.



10 1= int i =

14 C[i]

Example 1: vector addition  [6]

threadIdx.x :

aA[i] + B[i] =

Each of the threads that execute a kernel is given a unique thread ID that
is accessible within the kernel through the built-in threadldx variable.

Thread O Thread 1 Thread 2
A:O: A:1: A:2
B[O] B[1] B[2
+) (BT 4y [BH ] 4y [ Bl
C:O C 1 C :2

)

Thread N

Question 1: how many threads per block, arbitrary?

Question 2: can we use more than two thread blocks?

\

> run simultaneously




Example 1: vector addition  [7]

Question 1: how many threads per block, arbitrary?

Specifications for Compute Capability 1.0

The maximum number of threads per block is 512;

Question 3: what happens if we use more than 512 threads in a thread block?

Question 2: can we use more than two thread blocks?
How many blocks a multiprocessor can process at once depends on how

many registers per thread and how much shared memory per block are
required for a given kernel.

If there are not enough registers or shared memory available per
multiprocessor to process at least one block, the kernel will fail to launch. A
multiprocessor can execute as many as eight thread blocks concurrently.

Question 4: how to issue more than two thread blocks?

We will answer question 3 and question 4 after we finish this simple example



Example 1: vector addition (driver)  [8]

vecadd.cu

3 #include <stdlib.h>

4 #include <stdio.hr

E #include <string.hs>

& #include <mwath.h>

7

g/ includes, project

5 #include <cutil.h> €————— use macro CUT_EXIT
10

11 /¢ inecludes, kernels

1z #include <vecadd kernel.cu>

13 ffinclude <vecadd GPU.cus Include cuda source code such that we o
14 need to compile one file

15 /¢ declaration, forward

16 void runTest (int argc, char** argv) :

17 void randomInitcifloat®, int):;

12 void printDiff(floatc®, float®, int, int):

139

Zz0 extern "C™

z1l void cowmwputezold(float¥, const float®, const float¥®, unsigned int ):

gz wolid wvecadd GPU(float® h C, const float® h A, const floac* h B, unaigned int M) »
Z23 }

24

Z5 int main(int argo, char** arogv)

Z6 §

27 runTest (argc, argwv):

a2

Z9 CUT EXIT(argc, argv):

20}

nly

——— Tell C++ compiler to compile function vecadd GPU and computeGold as C-function



Example 1: vector addition (driver)

¥ gize A:

¥ gize

[9]

> Allocate host memory for vector A, B and C

2z // test C = L + B
22 wvoid runTestiint argo, char™ ™% argyw)
34 {
3L unsigned int N = 128 :
38 COT DEVICE INIT|argc, argv):
237
38 44 et zeed for randi()
29 srand(2006) ;
40
41 A4 allocate host wewmory for matricezs L and B
4z unsigned int size A = N ;
432 unsigned int mem Size L = zizeof(float)
44 float® h A = (float¥] malloc (mem size L) :;
45
48 unzigned int size B = N ;
47 unsigned int mem Size B = zizeof(float) ¥ =ize E:
42 float* h B = [(float¥] malloc (mem size B):
49
L0 A4 allocate host wewory for the result
£l unsigned int size C = N ;
Lz unsigned int mem Size C = zizeof(float)
L2 float® h © = (float¥] malloc (mem size C);
E4
EE /4 initialize host wemory
L& randomIinitih A, =ize 4):
£7 randDmInitih_B, size_B]: &1
£ - - B
£9  vecadd GPU{ h C, h &, h B, N | ; ;/'
&5
BE
&7
%]
Do C =A+Bin GPU 69
7a
compute golden vector i
in CPU 73
7
TE )

A compute reference solution
[float™¥)
h L, h B,

float* reference =
computezold(reference,

/4 check result
CUTEoolean res =
printf("Test %3 Yn™, (1 == res)
if (re=!=1) printbhiff(reference,

A olean up memory
freei(h 4):
freeih E):
freelh C):
free(reference) ;

cutComparelsfe (reference,

malloc (mem size C):

Mo

h ¢, size C,
F MPLAIZED™ "FAILED™) ;

hC, 1, Nj:

le-6L)




Example 1: vector addition (driver)  [10]

C Program
Sequential
Execution

Allocate host memory for

Serial code
vector A, Band C

random A and B

Parallel kernel
Do C =A+Bin GPU ———| Kerneli<<<>>>()

compute golden vector ____

. Serial code
in CPU




Example 1: vector addition (compile under Linux)  [11]

Step 1. upload all source files to workstation, assume you put them in directory vecadd

[macrolddmatrix wecadd]i 1=
Makefile wecadd.cu wecadd GPU.cu  wecadd gold.cpp wecadd kernel.cu

[macroldfmatrix vecadd]s I

Type “man nvcc” to see manual of NVIDIA CUDA compiler

HAME

nrcc - NVIDIA CUDA compiler driwer
SYHOPSIS

nvece [options] inputfile
OFTIOHS

Options for specifying the compilation phase

More exactly, this option specifies up to which stage the input files must be com-
piled, according to the following compilation trajectories for different input file

types:
oA CC/.chpS.oXXY @ preprocess, compile, link
.Cu : preprocess, cuda frontend, ptxassemble,
merge with host C code, cowmpile, link
. gpu I nvopencc compile into cubin
LpEx : ptxassemble into cubin.
--cuda [-cuda)

Compile all .cu input filez to .cu.oC output.

--conpile [-c)
Compile each .c/.cc/.cpp/.cxx/.cu input £file into an object £ile.

-—-run [-rumn)
This option compiles and links all inputs into an executable, and exXecutes it.
0r, when the input is a single executable, it is executed without any compila-
tion or linking. This step is intended for dewvelopers who do not want to be
bothered with setting the necessary cuda dll search paths (these will be set
tenporarily by nwec).




Example 1: vector addition (compile under Linux)  [12]

Step 2: edit Makefile by “vi Makefile”

In directory Jusr/flocal/ocudaslib
libcuhlas. so
libeoudart. so CIDA runtime library
libcuda. zo0
libcufft. zo

likeutil.a

if one uze exmaples in Jusr/local /NVIDIA CUDA SDE/projects

then static library libcutil.a (CUDA utility) iz necessary

also include f£ile collection in /usr/local /NVIDIA CUDA_SDE/commonsinc
iz important when compile *.cu filez

-L[library path]

#
#
#
#
#
#
# In directory Susr/local /NVIDIA& CUDA_35DE/1lib
#
#
-lcuda = libcuda.a i
#
#

[ INLCUDE = -I/fusrflocal /NVIDIA CUDA SDE/commonsinc -T/usr/slocalsoudadinclude

LIES = -LAusr/local /NVIDIA CUDA SDE/lib -leutil
LIES += -L/usr/local/cudaslib -louda -lcudart
LIBS += -L/usr/libe4d -1GL -1GLT

JRC_CT = wecadd.cu

Macro definition <
SRC_CXX = wecadd_gold. cpp

Cx{Flag = -DCUDA FLOAT MATH FUNCTIONS -DCUDA NO SM 11 ATOMIC INTRINSICE

e Flag -mbd -02

K icpcFlag = -wp -02

target ——— > |nwco_run:
mvce —run ¢ (INLCUDE) §(LIBS) 4 (SRC_CU)  $(SRC_CXX)

$(SRC_CU) means vecadd.cu



Example 1: vector addition (compile under Linux)  [13]

Step 3: type “make nvcc_run”

[macroldimwatrix wecadd]s make nwoo run

nvcc -run -IAuseslocal /NVIDIA CUDA SDE/commonsine -Ifuscilocalscudasinclude -LAusr/local /NVIDIA CUDL
SDE/1ib -lcutil -L/usr/localicudaslib -lecuda -leuwdart -L/usr/libed -1GL -1GLU wecadd.cu  wecadd gold.
cpp

Using device 0: GeForce 9600 GT ]

2 Procezsing time: 0.046000 (ms)

compute gold wector needs 0.0000 [ms) 3

Test PAIIED

Press ENTEER to exit...

1 “Device is Geforce 9600 GT” means INLCUDE = -I/usr/local /NWIDIA CUDA SDE/common/inc -Ifusr/local/cudafinclude
GPU is activated correctly. LIES = -L/usr/local /NVIDIA CUDA SDE/lib -lcutil
LIE3 += -L/usr/local/cudaslib -lcuda -lcudart
N :128 LIE3 += -L/usri/libad -1GL -1GLT

GRC_CU = wecadd.ou

2 To execute C = A + B in GPU costs

SRC_CXK = wecadd_gold. cpp
0.046 ms CxxFlag = -DCUDA FLOAT MATH FUNCTIONS -DCUDA_NO_3M 11 ATOMIC INTRINSICS
3 . gexFlag = -med -02
To execute C = A + B in CPU costs
icpcFlag = -mp -02
0.0 ms

I'.I.VCC_IUI'.I.:
nvee -run § (INLCUDE) §(LIES) §(3RC_CU)  §(SRC_CXC0)

Question 5: we know number of threads per block is 512, how to verify this?

Question 6: It seems that CPU is faster than GPU, what’'s wrong?



Example 1: vector addition (compile under Linux)  [14]

Modify file vecadd.cu, change N to 512, then compile and execute again

2z f/ test C = L + B

22 wvoid runTestiint argo, char™ ™% argyw)
34 {

3L unsigned int N = 512 :

36 printf ("N = dvn'™, N):

[macroldfpatrix wvecadd]$ make nwoc_run

nvoo -run -I/usr/local /NVIDIA CUDA SDE/common/ine -Isusr/local/cuda/include -L/usr/local /NVIDIA CUDA
ADE/1ib -loutil -L/asr/localfoudaslib -leouda -loudart -L/asrslibed -1GL -1GLT wecadd.cu  wecadd _gold.
Crp

N = 512

Uzing dewice 0: GeForce 9600 GT

Processing time: 0.043000 [(ms)

conpute gold wector needs 0.0000 (ms)

Teast PASIED

Press ENTEE to exit...

Modify file vecadd.cu, change N to 513, then compile and execute again, it fails

3z f/f test C = L + B

33 vold runTest (int argco, char** arogv)
34 1

38 unsigned int N = 513 ;

36  printf("N = dvn"™, N):

[macroldfpatrix wecadd]§ make nwoc_run

nwoo -run -I/fusr/local /ANVIDIA CUDA SDE/common/ine -Isusr/local/ocudasinclude -L/usr/local /NVIDIA CTUDA
3DEs1ib -loutil -L/usrslocalfoudaslib -leouda -loudart -LAusrslibed -1GL -1GLT wecadd.cu  wecadd gold.
cpp

N = 513

Uzing dewice 0: GeForce 9600 GT

Processing time: 0.133000 [(ms)

conpute gold wector needs 0.0000 (ms)

Test FAILED

diff(0,0) CPU=0.6031, GPU=1.5329 ndiff(0,1) CPU=0.3403, GPU=0.2965 ndiff(0,2) CPU=0.0919, GPU=0.6766




Example 1: vector addition (compile under Linux)  [15]

vecadd GPU.cu vecadd GPU.cu
F4 allocate device memory for result A4 create and start timer
unsigned int mem sige C = zizeof(float) * N ; un=igned int timer = 0O:
float* d_C; CUT_3ALFE CALL (cutCreateTimer [(&timer)):
CUDA SAFE CALL{cudaMalloc((woid**) s£d C, mem size C)): CUT_SAFE CALL {cutltarcTimer (timer)):
S4 create and start timer A4 execute the kernel
unsigrned int timer = 0; vecadd<<s 1, N »>>»{d C, d_ 4, d E, N):
CUT_SAFE CALL{cutCreateTimer(stimer));
CUT_3AFE CALL (cutStartTimer (timer)]); /¢ stop and destroy timer
CUT_SAFE CALL (cut3topTimer (Cimer)):
Ff execute the kernel printf("in GPU, T = 4L + B: 3£ [(ms)hn"™,
vecadd<<< 1, N »>>=>(d_C, d_&, d B, N):"M cutGetTimerValue (timer) ) :

CUT ZSAFE CALL (cutDeleteTimer (Cimer)):
/4 check 1f kernel execution geherated and error - -

CUT_CHECE_EFROR("Kernel execution failed”); ffoheck if kernel execution generated and error

CUT CHECE ERROR[("Eernel execution failed™):
S4 copy result from dewvice to host - -

CUD& 3AFE CALLicudaMemcpy(h C, d C, mem size C,

) CUT SAFE CALL (cutCreateTimer (&Cimer)):
cudaMemcpyDeviceToHost) ): — -

CUT_SAFE CALL ([cut3tartTimer (Cimer]):

ff stop and destroy timer

CUT_ZAFE CALL {cutitopTimer (timer)):

printf("Processing time: %£ (m=) “Yn",
cuthetTimerValue (timer) ) ;

CUT_SAFE_CALL {cutDeleteTimer (timer)):

ff copy result from device to host
CUDL SAFE CALL (cudaMemcpy(h C, d C, mem size C,
cudaMenmcpylDeviceToHost) ) :
ff stop and destroy timer
CUT_SAFE CALL (cut3topTimer (Cimer)):
printf ("device --> Host: £ (m=)hWwn'™,
cutGetTimerValue (Cimer) )

Including C = A + B in GPU and data transformation CUT_SAFE_CALL (cutDeleteTimer (timer) )

from device to Host

N = 512

Uzing dewice 0: GeForce 9600 T

in GPU, C = & 4+ B: 0,026000 (m=)

dewice -->= Host: 0.012000 (m=)

conpute gold wector needs 0.0000 [(m=)
Test PASIED

CPU is faster than GPU for small N, how about for large N ?



Example 1: vector addition (double precision)

Makefile

[16]

INLCUDE = -I/usri/local /HWIDIA CUDA 3DE/common/inc -Ifusr/local foudasinclude

LIES = -L/usr/local /NVIDIA CUDA SDEAlib -lcutil
LIBZ += -LAsusr/localsoudaslib -leuda -leoudart
LIEZ 4= -LAsusr/libed -1GL -1GLU

JBEC_CU = wecadd.cu

SEC_Cx = wecadd gold. cpp
CxxFlag = -DCUDA FLOAT MATH FUNCTIONZ -DCUDA NO SM 11 ATOMIC INTRINSICS
guxFlagy = -med -02

icpcFlag = -mp -02

nwCc_ .

nvco|-arch sm 13 |-run § (INLCUDE) 5§ (LIE3) §(3RC_CU)  § (SEC_CHX)

-arch sm_13

enable double precision (on compatible
hardware, say Geforce GTX260 in fluid-
01.am.nthu.edu.tw)

Remember to replace “float” by “double”

in source code

man nvcc

-—gpu-namne <gpu architecture name> [-arch)

GPTT, or a 'wirtual' ptx architecture.
wat that can still be further compiled and optimized fok.
version, a specific class of actual GPUs.

lation =tage.

Allowed waluez for this option:
'compute_14', 'compute_z20', 'sm_10',
Default walue: 'sm 10°'.

'compute_ 107,
'sm_11',

'compute 111,
"ET

SJpecify the name of the nW¥Widia GPU to compile for. This can either be a 'real!
Ptx code represents an intermediate for-
depending on the ptx

The architecture specified with this option is the architecture that iz assumed
by the compilation chain up to the ptx stage, while the architecture(s) speci-
fied with the -code option are assumed by the last, potentially runtime compi-

'sm_14',

'compute_ 13',
'sm_z0'.
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Example 2: multicore vector addition

vecadd_kernel.cu

[1]

_ glokbal
{
#ifdef DEVICE EMULATICHN

vwoid wvecadd| float® C,

int bx = bhlockIdx.x :

agssert| 0O == hbx)
H#endif

int i = threadld:z.x :

C[i] = A[i] + EB[i] :

¥

float* A, float¥* E,

int I

block has 512 threads

vecadd_kernel.cu

More than two thread blocks, each

Built-in blockldx variable denotes {

which block, starting from 0

int 1

Cli]

#endif
'

__global

#ifdef  DEVICE EMULATICN
printf(Thx = dvn", hx ] :

void wvecadd walticore( float¥ C, floatc® A4,
int threads, int N

> int bx = blockIdx.x:

= bx*threads + threadldx.=x ;
L[i] + EB[i] : A

float+* E,

Question 7: how does multi-thread-block work?

Question 8: how to invoke multi-thread-block?

Built-in threadldx variable denotes
which thread, starting from O




Example 2: multicore vector addition  [2]
__global  woid wvecadd wulticore| float® C, floac® AL, floac® E,
int threads, int N
{ int bx = blockIdx.x:
int i1 = hx*threads + threadldx.x ;
C[i] = A[i] + B[i] :
#ifdef _ DEVICE EMULATICHN S:)O S:)l 832 833
printf("hbx = zdvn", bx ] :
flendif
} S
threads — 4 block[0] | block[1] | block[2] | block[3]
N =(# of block)xthreads=4x4=16
thread[0] | thread[1] | thread[2] | thread[3]
block[0] | block[1] | block[2] | block[3]
| = bx*threads + threadldx.x
A[0]| A[L][A[2]| A[3]|A[4]| A[5]|A[6]|A[7]| A[8]|A[9]|A[10] |A[11] |A[12] |A[13] |A[14] |A[15]




Example 2: multicore vector addition  [3]

vecadd GPU.cu

11 wvoid wecadd GFU(float* h C, const float® h A, const float* h B,

1z unsigned int num block, unsigned int threads |
13 {

14 unsigned int N = mun bhlock*threads

15

18 unsigned int wem size L = sizeof(float) * N :

17 unsigned int wem size B = sizeof(float) * N :

18

13 Af allocate device memory

Z0 float* d Ai;

zZ1 CUDA SAFE CALL (cudaMalloc | (void**) &d A, mem size A)):;
22 float* d EB:

23 CUDA SAFE CALL (cudaMalloc( (void®**) &d B, mem size B)):
24

ZE Af copy host mwemory to device

ZE CUDA SAFE CALL (cudaMewcpy(d L, h L, mem size A,

z7 cudaMemcpvHostTolewvice) ) :
Za CUDA SAFE CALL (cudaMewcpy(d B, h B, mem size B,

Z9 cudaMemcpvHostTolewvice) ) :
20

31 Af allocate device memory for result

3z unsigned int mwew size © = gizeof(float) * N ;

33 float® d_C;

24 CUDA FAFE CALL (cudaMalloc | (void®™ ) &d C, mwew_size C)):

41 // execute the kernel
4z // wecadd<<< 1, N »»»(d C, d &4, d B, Nj:
43 wecadd wulticore<<< num block, thresds »»>>( d ©, d A, d B, threads, N

.
r

one-dimension thread block

one-dimension grid




Example 2: multicore vector addition  [4]

two-dimension grid

Grid
Block (0, 0) Block (1,0) Block (2, 0)
Block (0, 1)° Block (1,1) "-Block (2, 1)

-

two-dimension thread block

F
a2

Block (1, 1)

When do matrix — matrix product, we will use two-dimensional index




Example 2: multicore vector addition (driver)

vecadd.cu

[5]

Maximum size of each dimension of a grid of

42 woid runTest (int argo,

49 {
L]
g1
gz
£3
g4
5
E&
g7
£g
L]
&0
&1
62
63
G4
&5
3
67
=]
]
70
71
e
75
74

76
77
78
73
a0

unsigned int num block = & ;
unsigned int threads = 512
unsigned int N = num block*thres

printf ("num block = %d, threads = te.2f

£d, N
num block, threads, N*4,/ 1024, )

.
-

CUT DEVICE INIT(arge, argv):

44 set zeed for randi()
grand (2006)

A4 allocate host mewmory for matrices L and B
unsigned int size A = N ;

unsigned int mem Size L sizeocf(float)
float* h A = (float¥] malloc (mem Size L):

unsigned int size B = N

mem size B

ifloat*) malloc (mem size B);

unsigned int
float* h B =
/4 allocate host memory for the result
unsigned int size C = N ;

unsigned int mem size C sizeof (float)

float*® h © = (float?¥) malloc(mem size ) ;

ff initialize host wemory
randomInit(h L, size 4);
randomInit(h E, size B):

char** aifjj///,,,/””’/////

(KB Yn™,

* gize A:

= sizeof(float) * size B:

¥ gize

thread blbcks iIs 65535

wecadd GPU( h C, h A, h B, nuw block, threads |

-

Maximum number of threads per block is 512




threads=512

Example 2: multicore vector addition (result)

N =(# of block)xthreads

Experimental platform: Geforce 9600 GT

C=A+BY ]

size= N x sizeof ( float) Byte

[6]

A

Copy C from device to host

Table 1

# of block size GPU (ms) Device - Host (ms) CPU (ms)
16 32 KB 0.03 0.059 0
32 64 KB 0.032 0.109 0
64 128 KB 0.041 0.235 0
128 256 KB 0.042 0.426 0
256 512 KB 0.044 0.814 0
512 1.024 MB 0.038 1.325 0
1024 2.048 MB 0.04 2.471 0
2048 4.096 MB 0.044 4.818 0
4096 8.192 MB 0.054 9.656 20
8192 16.384 MB 0.054 19.156 30
16384 32.768 MB 0.045 37.75 60
32768 65.536 MB 0.047 75.303 120
65535 131 MB 0.045 149.914 230




vecadd_GPU.cu Example 2: multicore vector addition

[7]

wold wecadd GPU{float¥* h_C, const float* h &, const float* h_ B,
unsighned int num block, unsigmed int threads )
{
unsimmed int N = mum hlock*threads :
unsigned int mem size & = sizeof(float) * N :
unsigned int mem size B = sizeof(float) * N :

4 allocate device memory

float® d_A&;

CUD4a_ SAFE CALL {cudaMalloc|(void**) &d &, mem size_A));
float* d _E:

CULk FAFE CALL (cudaMalloc((woid**) sd B, mem size _E));

A4 copy host memory to device

CUDa SAFE CALL (cudaMemcpy(d &4, h 4, mem size &,
cudaMencpyHostTobevice] ) :

CUD4a 3AFE CALL{cudaMemcpy(d E, h B, mem size E,
cudaMencpyHostTobevice] ] :

A4 allocate device memory for result

unsighed int mem size C = zizeof(floart) * N ;

float* d_C:

CUDd 3AFE CALL {cudaMalloc((woid#*#*) &d C, mem size C));

#/ create and start timer

unsigned int timer = 0;

CUT_3AFE CALL (cutCreateTimer (&timer));
CUT_SAFE CALL (cutitartTimer(timer)):

f# execute the kernel
wecadd multicore<<< rnum block, threads >»>( 4 C, d &, d4 B, threads, H) :

A7 make sure all threads are done
cudaThreadsynchronize () : All threads work asynchronous

A¢ stop and destroy timer

CUT_SAFE CALL (cutitopTimer(timer)]):

printf("in GPU, C = 4 + B: %f [(m=)\n",
cutGetTimerValue (timer) ) ;

CUT_SAFE CALL({cutDeleteTimer|timer)):




Example 2: multicore vector addition (result, correct timing)  [8]

threads=512

N =(# of block)xthreads

Experimental platform: Geforce 9600 GT

C=A+BY ]

size= N x sizeof ( float) Byte

A

Copy C from device to host

Table 2
# of block size GPU (ms) Device - Host (ms) CPU (ms)
16 32 KB 0.04 0.059 0
32 64 KB 0.056 0.122 0
64 128 KB 0.057 0.242 0
128 256 KB 0.063 0.381 0
256 512 KB 0.086 0.67 0
512 1.024 MB 0.144 1.513 0
1024 2.048 MB 0.237 2.812 10
2048 4.096 MB 0.404 5.426 10
4096 8.192 MB 0.755 9.079 20
8192 16.384 MB 1.466 17.873 30
16384 32.768 MB 2.86 34.76 60
32768 65.536 MB 5.662 70.286 130
65535 131 MB 11.285 138.793 240




define throughput =

GByte/sec

35

[}
'
T

]
(8]

P
(]

—
]
T

—
=
T

M
T

Example 2: multicore vector addition (throughput)  [8]

Total data transfer in byte or bit (size)

Total time (GPU)

through put: measured by GByte per second

maximum throughput ~ 34GByte/sec

1 1
20 40 B0 Gl 100 120 140
WE

Geforce 9600GT

Memory Specs:
Memory Clock (MHz)
Standard Memory Config
Memory Interface Width

Memory Bandwidth (GEfsec)

x3 , . .
C[i] = A[i] + EB[i] :
1 Load A[i]
2 LoadB[i]
3 store C[i]

vectors A, B, C are stored in global
memory and 3 memory fetch only use
a “add” operation, not floating point
operation dominanted.

900 MHz
512 ME

256-bit

h7.6




Exercise

1. So far, one thread is responsible for one data element, can you change this, say
one thread takes care of several data entries ?

vecadd_kernel.cu

__global  woid wvecadd( float® C,

{

#ifdef DEVICE EMULALTICH
int bx = blockId=x.x :
assert| 0 == hx) :

#endif

int 1 = threadldx.x
C[i] = A[i] + B[i] :
h

float*® A, float*® B, int N}

vecadd_kernel.cu

_ Hlokal  woid wecsadd walticore | flost® C,
int threads, int N)
{
int bx = blockIdx.x:;
int i = bx*threads + threadldx.x :
C[i] = A[i] + EB[1] =

#ifdef DEVICE EMULATICN
printf("hx = dvn", hx ) :

fendif

'

float* A, float™ E,

2. Maximum number of threads per block is 512, when data set is more than 512, we
use multi-thread-block to do parallel computing, however Maximum size of each
dimension of a grid of thread blocks is 65535, when data set is more than 131MB,

how can we proceed?

3. From table 2, data transfer from device to host is about half of CPU computation, it
means that if we can accelerate CPU computation, then GPU has no advantage, right?

4. measure your video card and fill-in table 2, also try double-precision if your hardware

supports.
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Example 3: matrix-matrix product (CPU-version)

[1]

Consider matrix-matrix product C = AB, all matrices are indexed in row-major

and starting from zero (C-like)

A€R6x4

(lo|1]2]3

45|67

8 9|10 11

nA 4 12|13 |14 | 15

16 | 17 | 18 | 19

|20 212223

< _ v
WA

A(i, k) =ixwA+k
B(k, j)=kxwB+ ]

C(i,j)=ixwC+j

E3 c F24X6
O/ 1(2 |3 |45
6| 78] 9]10/|11
12 113|114 | 15|16 | 17
1819|120 | 21|22 |23
— _/
'z
wB

WA = hB, hC =hA, wC =wB

matrixMul_gold.cpp

C€R6><6
(lol1|2/3]|4]|5
6|7|8/|9]|10 11
— 12|13 |14 | 15|16 | 17
e 18|19 |20 | 21|22 | 23
24| 25|26 | 27|28 29
|30 3132|3334 35
Z g -

wC

vold computeGoldi(float?® C,
unsigned int hi, unsi

[ <

¥
Cli * wB + 3] =

const float® A, const f£loat® B,
gned int wi, unsigned int wE)

for f{unsigned int i = 0; i < hi; ++1i)
for (unsigned int j = 0; 3 < wE; ++3) {
doukble sum = 0O;
for fjunsigned int k = 0; k < wh; ++k) |
double a = A[1 * wi + k]:
double b = B[k * wBE + j]:
sum += a ¥ b;

[float) awum;




Example 3: matrix-matrix product (GPU-version)  [2]
We use 2x2 block as a unit and divide matrix C into 6 block. Then we plan to deal with

each sub-matrix of C with one thread-block.

X
Inner-product based

(0,0) | (1,0) (0,0) | (1,0) | (2,0) (0,0) | (1,0) | (2,0) . "
Y|l X 0,1)](11) |21 = [(01](@1](@1) ° EI
o

{1022 B e R¥® 0,2)|(1.2) | (2.2) T2
64 6x6 u )
AE C € R :I
3

‘m \ 4

A

A C
Thread (0,0) | Thread (1,0)
Csub E
@ ha
Thread (0,1) | Thread (1,1) 5'
[=]
,s
-+ — —_— ‘ -
BLOCK_SIZE BLOCK_SIZE BLOCK_SIZE
BLOCK_SIZE =2 wA wB
“ > <




Example 3: matrix-matrix product (GPU-version)  [3]

X
> Grid
(0,0) | (1,0) (0,0) | (1,0) | (2,0) (0,0) | (1,0) | (2,0) Block (0,0) | Block (1,0) | Block (2, 0)
Y| lonlay X 0,111 |21 = |[©01)](@1,1)](2,1)
Block (0, 1)" Block (1,1)  -Block (2, 1)
{10212 B c R*® 0,2) | (1,2) | (2,2)
Ac R Ce R*® y

Block (1, 1)

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

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

Question 9: how to transform (grid index, thread index) to physical index ?



/\(E FQ6X4

Example 3: matrix-matrix product (index)

(o1

2

4 | 5

6

8 |9

10

11

hA <

12 | 13 | 14

15

blocksizex by

16 | 17 | 18

19

L 20|21 | 22

23

YT

WA

blocksi zex bx
<+“—>

bx
1

0 {(0,0)

(1,0)

1101

(1,1)

by 2 [(0,2)

(1.2)

/\(E FQ6X4

ty

A

v

ty 1

[4]

tX

— > X

0

1

Thread (0,0)

Thread (1,0)

Thread (0,1)

Thread (1,1)

/Y Block

index

int bx = blockIdx.x:;
int by = blockIdx.vy;

/Y Thread index

int £tx =
int Tty =

The physical index of first entry in block (bx, by) = (bI ocksi zex by) x WA+ blocksizex bx

e.g. The physical index of first entry in block (1,2)=(2x2)x4+2x1=16+2=18

threadldx.x;
threadIdx.v;

The physical index of (block index, thread index) is ((bx, by), (tx, ty)) = (bx, by) + (WAx ty) +tx
eg. ((bxby),(txty))=((12),(11))=18+(4x1)+1=23

global index

((bx.by),(xty)) —— (blocksizexbx+tx, blocksizexby+ty) ————— row-major




~
or equivalently A{(o,n B{(l,O)J + A[(l,l)} B[(l,l)} — C[(l,l)}
_/

Example 3: matrix-matrix product [5]

WA

Consider C(i,j)=)> A(i,k)B(k,j) forall (i,j)eblock(11) computed simultaneously

=]
(0,0) | (1,0) (0,0) | (1,0) | (2,0) (0,0) | (1,0) | (2,0)
onlay| X |oylaylen| = lonlayley
0,2)|(1,2) B e R¥® 0,2) | (1,2) | (2,2)
A RO C c R%S

(T 0 (r 0 ® )
AL(O,l)J Bllao| + A (1,1)J Bllan|| = C )
g _/
/ / N / N 4 ‘\
Alloy|| Bllao|l + Allay|| B|lay|| = C
A ~ ~ < ~ ~ ~ > Executed in a thread block,
- N - ~ - ~ - ~ - N say computed simultaneously.
Allonl| Bllao|| + Allay|| B|lay|| = C Clearly we need 4 threads to
\& ~J \& ) - ~ o ) - J run at the same time
. N . N - N /- N e N
Alloy|| Bllao|| + Allan|| B|lan|| = C| |
= 4 = _/ = _/ o _/ - /




Example 3: matrix-matrix product [6]

since all 4 threads share the same submatrix of A and B, we use share memory (on-chip)

to store submatrix of A and B to decrease memory latency.

Step 1: add first product term to submatrix of C

~

~

1,0)

_/

e N . I
O

C — A|l©D
G _J G %
e ~\ /~

O

C — A|l©D
G _J .

C — A1)
G _J G %
e N . N

C o = A |[(0,1)
g _J G _J/

(1,0

(1,0)

-

C

(1,0

\ N - I
+ AN@y||l Bllay
_/ . _/
\ < /\ share memory
+ All@ay\ B jfaa T )
G ), As= A|| 0.1
- _/
Allays] B Naz )
+ Al B¢y 8s— B[
/ N N S~
+ Aflan|| B|l@y
/ J, & 1)

ff Declaration of the shared wewory array Ls used to
/4 store the sub-mwatrix of L
__shared float As[BLOCE SIZE] [BLOCE SIZE];

4 Declaration of the shared mwewory array Bs used to
/¢ store the sub-matrix of E
__ Shared  float EBEs[BELOCKE 3IZE] [ELOCK SIZE]:

The _shared  quantifier declares a variable

Resides in the shared memory space of a thread block,
Has the lifetime of the block,

Is only accessible from all the threads withun the block.



(0,0)

(1,0)

0.1)

1.,1)

(0.2)

(1,2)

A c R6><4

X 0,1)[(1,1)|(2,1)

Example 3: matrix-matrix product [7]

0,0) | (1,0)| 2,0) aBegin = physical index of first entry in block A [(0,1)}

bBegin = physical index of first entry in block B[(l,O)J

B c R4><6

The physical index of first entry in block (bX, by) = (bl ocksizex by) x WA+ blocksizex bx

aBegin = (0, by) = (blocksizex by) x wA bBegin = (bx,0) = blocksizexbx

Step 1: copy A[(O,l)J to AS and B[(LO)J to BS

Y Load the matrices from device memory
Sf to shared memory; each thread loads
S one element of each matrix

L3 (ty, tx)
BES(ty, tx)

AlaBegin + wh ¥ ty + £x]:
E[bEegin + wBE ¥ ty + £x]:

4 Synchronize to make sure the matrices are loaded
__syncthreads(): < all threads in this thread block do copy action

before submatrix C is computed

The physical index of (block index, thread index) is ((bx, by), (tx, ty)) = (bx, by) +(WAXx ty) +tx




Example 3: matrix-matrix product [8]

Step 2: add first product term to submatrix of C

r

.

/

\

~

~

\

A0
S

B||@o
S

_/

A0
S

A 101

-
-

_/
~

Al

Bil@o

-

~/

A Multiply the two matrices together:

A4 each thread computes one element

f/ of the bhlock sub-matrix

for {int k = 0; k <« BLOCE 3IZE; ++k)
—  » Csub += A3(ty, k) * BS(k, tx):

S Bynchronize to mwake sure that the preceding
S computation iz done hefore loading two new

A sub-matrices of A and B in the nekt iteration
__ syncthreads () ;

Note that each thread in thread block has its private variable Csub

Step 3: move aBegin and bBegin to next block

(0,0)

(1,0)

(0,1)

(1,1)

(0.2)

(1,2)

/\(E FQ6X4

(0,0)

(1,0)

(2,0)

(0,1)

(1,1)

(2,1)

E3 c FQ4X6

aBegin = (1, by) = (blocksizex by ) x wA+ blocksize
bBegin = (bx,1) = blocksizex wA+ bl ocksizex bx

aBegin + = aStep(= blocksize)
bBegin + = bStep(= blocksizex wA)



Example 3: matrix-matrix product [9]

Step 4:copy Al||l@D|| to AS and B

w1 to Bs

Sy Load the matrices from device memory
¢ to shared memory; each thread loads

Si one element of each mwatrix

A3 (ty, tx)] = AL[aBegin + wi * tv 4+ tLx]:
E3ity, tx)] = E[bEegin + wE ¥ ty + tTx]:

¢ Synchronize to make sure the matrices are loaded

__synethreads () ;

Step 5: add second product term to submatrix of C

C
-

/

-

N e ~ - N
+=A||l@ay|| B|l@a

_/ o _/ N\ _/

‘.;\ - N . N
+=Allan|| Blla1

4 _/ o _/

N /. N
+=A||l@ay|| B|l@a

_/ o _/ N\ _/

N /. N /. I
o = Allan|| B|l@1)

_/ g _/ N\ _/

S Multiply the two matrices together;

S each thread computes one element

ff of the block sub-matrix

for (int k = 0; k « BLOCKE SIZE; ++K]
Csub += ASity, k) * B3|k, tx):

A4 Bynchronize to make sure that the preceding
A4 computation iz done bhefore loading two new

A4 sub-matrices of L and B in the nekt iteration
__ayncthreads ()



Example 3: matrix-matrix product (source code) [10]

see /usr/local/NVIDIA_CUDA_SDK\projects\matrixMul

matrixMul.h
36 #ifndef MATRIXMUL H
27 #define MATRIZMUL H
2 B T The amount of shared memory
g8 /S Thread block =size i i i
e T avallablg per mulpprocessor 5
41 16KB (since multiprocessor has 8
az S/ Matrix dimensions
42 // (chozen a2 multiples of the thread block size for simplicity) SP! eaCh SP haS Only ZKB)
44 f#idefine WA (2 * BLOCE SIZE) // Matrix A width
45 f#idefine HA (3 * BLOCK SIZE) // Matrix A height
46 #idefine WB (3 * BLOCK SIZE) // Matrix B width
47 fdefine HE Wa // Matrix E height
a2 #Hdefine WC WEB /S Matrix C width
43 fdefine HC Hi // Matrix C height
50
51 #endif // MATRIEZMUL H
A B C
-
(0,0)|(1,0) (0,0) [ (1,0) | (2,0) (0,0) | (1,0) | (2,0)
X hB
hA < @1 ] @D 0.1) [ (21) hC 4 |©@D[@D |1
- J
0,2) | (1,2) g 0,2 | (1,2) | (2,2
N wB
- _J

WA

wC



Example 3: matrix-matrix product (source code)

matrixMul_kernel.cu

71
7E
73
74
75
7G
7
7a
73
20
21
2F
23
24
25
=1
27
2g
239
20
21
9F
93
24
=1
=1
a7
S8
23

global  woid

matrixMul|{ float* <, float* A, float*® B, int wi, int wE)

{

/¢ Block index
int bx = bhlockIdx.x:
int by blockIdx.y:

// Thread index Each thread has its own index (bx, b

int tx = threadIldx.x;
int ty = threadIld:x.y:

A4 Index of the first sub-matrix of A processed by the hlock
int saBegin = wi * BLOCE 3TIZE * hy;

¢ Index of the last sub-mwatrix of A processed by the hlock
int aEnd = abegin + wk - 1;

{4 Ztep 2ize uzed to iterate through the sub-matrices of L
int a3tep = BLOCE 3IZIE;

/f Index of the first sub-matrix of B processed by the block
int bhEBEegin = BLDCK_SIZE * b

A4 Brep sise used to iterate through the sub-matrices of B
int b3tep = BLOCK SIZE * wE:

ff Caub is used to store the element of the block sub-matrix
A4 that is computed by the thread
float Csub = 0;

y) and (tx, ty)

Each thread has its private variable Csub

[11]



Example 3: matrix-matrix product (source code) [12]

101
10E
103
104
10&
10&
107
l0s
103
110
111
11Z
11z
114
11%&
11&
117
11z
113
1z0
1z1
1zE
123
1z4
1z&
1ze
1z7
1z2

120
131
laz
laz
134
1ag
138
1a7
las
129
140 }

ff Loop over all the sub-mwatrices of L and B
fAf required to compute the bhlock sub-matrix
for (int a = abegin, b = bEegin:

a <= aknd:

a += altep, b += hi3tep) !

ff Declaration of the shared memory array A3 used to
/4 store the sub-matrix of L
__shared  float As[BLOCE 3IIZIE] [ELOCE 3IZIE]:

ff Declaration of the shared memory array Bz used to
/4 store the sub-matrix of B
__shared  float BEs[BLOCE 3IIZIE] [ELOCE 3IZIE]:

Af Load the matrices from device memory
44 to shared memory: each thread loads
A/ one element of each matrix
L3ity, tx) = A[la + wh * £y + tx]:

1 Baity, tx) BE[h + wEB * ty + tx]:

A4 B3vnchronize to make sure the matrices are loaded
__synothreads()

A Multiply the two matrices together:
/4 each thread computes one element
A4 of the block sub-matrix
for (int k = 0; k < BLOCE 3IZE; ++k]
2 Csub += AS(ty, k] * BS(k, tH):

A4 3vnchronize to make sure that the preceding
A computation is done bhefore loading two new
A/ sub-matrices of L and B in the next iteration
__synothreads () ;

h

A Write the bhlock sub-matrix to device memory:

/¢ each thread writes one element

int o = wB ¥ BLOCK 5IZE * by + BLOCK 3IZE * bx:
3 Cle + wB % £ty + £Lx] = Czub;

1 copy submatrix of A and B to shared
memory, this is done by all threads
in this thread block

2 Add partial result of matrix-matrix
product into Csub

3 Each thread stores back their
computed result into global matrix C

(bx, by)
((bx,by), (txty)) = (bx, by) + (WAx ty) +tx

(blocksizex by) x WA+ blocksizex bx



Example 3: matrix-matrix product (driver)

matrixMul.cu

[13]

vecadd.cu

44
43
=]
£l
Lz
=5
L4
=3
=1
£?
Lo
£
&0
=31
(=3
(=3
g4
&5
(=1
&7
(=35
&3
70
71

<stdlib.h>

<stdio.h>

H#include <string.h>

H#include <math.h>

/4 includes, project

H#include <cutil.h>

/4 includes, kernels

H#include <mwatrixXMul kernel.cu-

finclude
finclude

woid runTest (int arge,
vold randomInit (float®,
wvoild printDiff(float®,

char** argv):
int) ;

float*, int, int):

extern M"CH"

woild computeZold(float®,

unsigned int, unsigned int,

const float®, const float®,

unsigned int):

int maini(int argec,

{

char** arogv)
runTest (arge, argv):

CUT EXIT(arge, acgv):

The same structure

<ztdlib.h>
<stdio.h>
<2tring.h>
<math.h>

2 #include
4 #include
E #include
& #include
7

g // includes, project

9 #include <cutil.hs>

10

11 // includes, kernels

1z #include <vecadd kernel.cus
1z #include <vecadd GPU.cux

14

15 // declaration, forward

16 void runTesti{int argc, char* ™% argv)

17 void randomIniti{float®, int):

12 void printDiff(float¥, Lfloat®, int, int):
19

Z0 extern "CT |

zl void computeGold({float®, const float¥,

3z}

const float¥®,

ZZ unzigned int J:

Zz void wecadd GPU(float® h C, const float® h A,
z4 const float® h B, unsigned int Nj

ZE )

26

z7 int mwaini(int arge, char ™% argy)

zg |

z9 runTest (argo, argv) !

20

21 CUT_EXIT(argc, argv):




Example 3: matrix-matrix product (driver)

[14]

matrixMul.cu

matrixMul.h

74 wvoid runTest (int argoc, char** arogy)

75 {
7E
s
T8
=
20
21
2z
23
24
25
=13
27
28
=R
20
2l
=
93
a4
95
=]
a7
28
23
100
101
10z
1032

CUT DEVICE INIT(argce, argwy):

f¢ set seed for randi)
srand(2008) ;

// allocate host memory for matrices 4 and F )
unsigned int size 4 = WL * HA;
unsigned int mwem size A = gizecf(float) * size A;
float® h & = (float¥) malloc(mem size A4); > A
unsigned int size B = WE * HE:
unsigned int mwem size B = gizecf(float) * size EB;
float® h B = (float¥) malloc(mem size E);:

J

F¢ initialize host wemory
randomInit (h 4, =ize A):
randomInit (h B, =ize B):

A4 allocate device memory

float® d 4;

CUDA SAFE CALL (cudaMalloc | (void®+)
float® d _E;

CUDA SAFE CALL (cudaMalloc [ (void¥*)

&d b, mem 3ize A)):
&d B, mem size B)):

A4 copy host wewmory to device

CUDA SAFE CALL (cudaMemcpy(d A, h A, mem size A,
cudaMemcpyHostcToDevice)] ) :

CUDA SAFE CALL (cudaMemcpy(d B, h B, mem =size B,
cudaMemcpyHostToDevice)] ) :

#ifndef MATRIXMUL H
#oefine MATRIEMUL H

f4 Thread block =ize
f#idefine BLOCE STZIE 16

f4 Matrix dimensions

#define WAL (2 * BELOCE _SIZE) ¢ Matrix L width
fidefine HL (3 + BLOCE SIZE) 4 Matrix L height
f#define WE (3 * BLOCE SIZE) Jf Matrix B width
#define HB WL // Matrix B height

fgidefine WC WE // Matrimx C width

fidefine HC HA // Matrix C height

#endif // MATRIZNMUL H

locate host memory for matrix A, B

Allocate device memory for matrix A, B




Example 3: matrix-matrix product (driver)  [15]

matrixMul.cu

105
10e
107
102
105
110
111
11z
11z
114
115
1lle
117
llz
115
1z0
1z1
1z2
lz=
124
1zt
lza
1z7
1z8
1z9
lz0
131

/A allocate device memory for result

unsigned int size © = WC ¥ HC;

unsigned int mem size © = sizeof(float) * size C:
float® d C;

CUDL SAFE CALL (cudaMalloc((void**) &d C, mem =size C));

/f allocate host memory for the result
float® h C = (float?®) malloc(wem sSize C);

fAf create and start timer

unsigned int timer = 0;

CUT_SAFE CALL jcutCreateTimer (&timer)):
CUT SAFE CALL jcut3tartTimer (timer)):

Af setup execution parameters
dim3 threads (BLOCE 3IZE, BLOCE ITZE):;
dim3 grid(WZ / threads.x, HC / threads.v):

matrixMul.h

#ifndef MATRIXMUL H
#oefine MATRIEMUL H

f4 Thread block =ize
f#idefine BLOCE STZIE 16

f4 Matrix dimensions

#define WAL (2 * BELOCE _SIZE) ¢ Matrix L width
fidefine HL (3 + BLOCE SIZE) 4 Matrix L height
f#define WE (3 * BLOCE SIZE) Jf Matrix B width
#define HB WL // Matrix B height

fgidefine WC WE // Matrimx C width

fidefine HC HA // Matrix C height

#endif // MATRIZNMUL H

// execute the kernel
matrixMul<<< grid, threads >>>(d C, d L, d B, Wi,

WE) :

ff check if kernel execution generated and error
CUT CHECE ERROR("Eernel execution failed™):

/f copy result from device to host
CUDL JAFE CALL (cudaMemcpy(h ©, d ©, mem size C,
cudalencpyDeviceToHost)

threads = (16, 16, 1)
grid=(3,3,1)

dim3 Type

15 initialized to 1.

This type 1s an integer vector type based on uint3 that 1s used to specify
dimensions. When defining a varable of type dim3, any component left unspecified




133
1324
135
136
137
128
1339
140
141
14z
143
144
145
146
147
148
143
150
151
18z
153
154
155 }

ff stop and destroy timer
CUT_SAFE CALL (cut3topTimer (timer)]);

printf ("Processing time: 3f (ws) Yn", cutGetTimerValue (timer)):

CUT_SAFE CALL (cutDeleteTimer (timer) |

/¢ compute reference solution
float* reference = (float®) malloc(mem size C);
computeGold(reference, h A, h B, HA, WA, WE);

/¢ check result

CUTEBoolean rez = cutComparelife(reference, h ©, size_C,;
printf ("Test %= “"n", (1 == res) ? "PASSED™ : "FAILED"™):
if (res!=1) printDiffireference, h C, WC, HC):

J4 olean up memory

fres(h_A);

fres(h_E):

fres(h _C);

free (reference) ;

CUDA SAFE CALL (cudaFree(d A)j:
CUDA 3ALFE CALL (cudaFree(d E)):
CUDA SAFE CALL (cudaFree(d C}j:

157 // Allocates a matrix with random float entries.
182 void randomInit (float® data, int =size)

1539 {
1e0
161
lgz }
163

for (int i = 0; 1 < size; ++1i)
data[i] = rand()l /[ [float) RAND MAX:

le-6f);

164 void printDiffi(float *datal, float *datad, int width, int height)

1e5
l6&
157
leg
lga
170
171
17E
173
174
17E
176
177
178 }

int i,3,k:
int error count=0;
for (j=0; Jj<height: j++1 |

'

for (i=0; i<width; i++) |
k = j*width+i;
if (datall[k] '= dataz[k]) |
printf ["diff (3d,%d) CPU=%4.4f, GPU=%4.4f n", i,1,
EFrOr count-++:

printf (" nTotal Errors = %d n", error_count);

datall[k] ,

Example 3: matrix-matrix product (driver)

dataz[k]):

[16]



Example 3: matrix-matrix product (compile on Linux)  [17]

Step 1: upload all source files to workstation, assume you put them in directory matrixMul

[macroldinatrix matrixMul]ls l1=a

Makefile matrixMul.cu.cpp matrixMul gold.cpp matrixMul kernel.cu. cpp
matrixMul.cu wmatrixMul.h matrixMul kernel.cu

[macroldinatrix matrixMual]s I

Step 2: edit Makefile by “vi Makefile”

INLCUDE = -I/usr/local /NVIDIA CUDA 3DE/common/inc -I/usr/local/oudasinclude
LIB3 = -L/usr/local /HVIDIL CUDA SDE/lib -leoutil

LIBE3 += -Lsusr/localfcudaslib -lcuda -lcoudart

LIBE3 += -Lsusr/libed -1GL -1GLU

JEC_CU = matrixMul.cu

GRC_CXK = matrixMul gold.cpp

Cx¥Flag -DCUDA_FLOAT MATH FUNCTIONS -DCUDA_NO_SM_ 11 ATOMIC INTRIN3ICS
gexFlag = -m6ed -02
icpcFlag = -mp -02

HUCC_]C'LJII:
nvoo -run § (INLCUDE) ¢ (LIES) §(SREC_CU)  § (SRC_CHX)

Step 3: type “make nvcc_run”

[macroldfpatrix matrixMul ] make nwoeo_run

nveoe -run -IAusr/local /NVIDI& CUDA SDE/common/inc -I/usr/local/cudasinclude -L/Aasr/local AHVIDIL CUDA
S5DE/1ih -lecutil -L/usr/slocaliscouda/lib -leouda -leocudart -LAusr/libed -1GL -1GLT matrixMul.cu matrixMual
_gold.cpp

Uzing dewice 0: GeForce 9600 GT

Processing time: 0.121000 [(ms)

Test PASIED




Exercise

modify code in matrixMul, measure time for computing golden
vector , time for C = A*B under GPU and time for data transfer,
compare them.

We have shown you vector addition and matrix-matrix product,
which one is better in GPU computation, why?

(you can compute ratio between floating point operation and
memory fetch operation)

modify source code in matrixMul, use column-major index, be
careful indexing rule.

We have discussed that matrix-vector product has two versions, one
IS inner-product-based, one is outer-product-based, implement these
two methods under GPU



OutLine

CUDA introduction
Example 1: vector addition, single core
Example 2: vector addition, multi-core

Example 3: matrix-matrix product

Embed nvcc to vc2005



Resource: register NVIDIA forum

http://www.nvidia.com/object/cuda get.html

@g CuUuDA Z20NE USA - United States fsearcniviia |

NVIDIA
DOWNLOAD CUDA WHAT IS CUDA CUDAU DEVELOPING WITH CUDA NEWS AND EVENTS

Downloads

CUDA Applications
Introduction
Documentation
CUDA-Enabled Products
Get CUDA

CUDA Coding Contest
Sign up for CUDA Alerts

DOWMNLOAD AND INSTALLATION TIPS

e CUDA Annocuncements and News

Updates on CUDA including releases, schedules, and other information. Mote: This is a read-only forum
Forum Led by: mifatica, tmurray

.. General CUDA GPU Computing Discussion

Discussion area for topics about using GPUs for computing with CUDA

Errurm Led by

. CUDA on Linux
Discussion area for CUDA developers using Linux

Errurm Led by

e, CUDA on Windows XP

Discussion area for CUDA developers using Windows XF
Farurm Led by




How to embed “nvce” into VC 2005  [1]

v CUDA on Windows XP

Topic Title

OCUDA WS Wizard 2.0 beta [0 1 2

@ B EmuDebug vs. Debug Modes
J What's the difference? Why?

J B Multi-GFU configurations with CUDA 2.1

J B Do vou get Cuda with reqular 9300atx drivers or no?

’ B CUDA code doesn't run on Belease mode 3
B 32-bit CUDA WinXP app on WinXP 64-bit g

’ Deployment considerations! =

i

B =signed cuda drivers
’ why are the windows cuda drivers not digitally signed

0 CUDA VS2005 Wizard 1.2 [ 1|2 |2 » 5
New version of the CUDA VS2005 wizard

http://sourceforge.net/projects/cudavswizard

’ B 178.28 for Windows XP we can download here.
. Watchdeg timer fix. Seriously this time. or http://download.csdn.net/source/724701

Thanks mas913's new rules. I change the cuda.rules with the new rule.

The new rule can support all nvcc command options.

The new wizard(2.0beta) can support VS2005 (x86,x64), V52005 Express (x86,x64).
If anyone think it's interesting, plz join the project @

Any problem plz let me know:)




Education: list in NVIDIA website

DOWMNLOAD CUDA WHAT IS CUDA CuDAU DEVELOFING WITH CUDA FORUMS

J University Courzes -

" .

L Bl v = .

-, \
™

miatiun

ITESM Mexico MA

Johns Hopkins EME00.407
Kent State C356/79995
McGill

Mational Taiwan
Lniversity

Mational Taiwan
University [ )

Marth Carolina State

Morth Carolina State C3Ch01
Marth Carolina State Design Automation for YLSI

LIniversity of Marth COMPT90-
Carolina nsse
LIniversity of Maryland CSMCT40
LIniversity af CISEES

FPennsylvania
niversity of Rochester Warkshop

Iniversity of Southern
California



http://courses.ece.uiuc.edu/ece498/all/Syllabus.html

Education: course website

University of lllinois at Urbana-Champaign, taught by Prof. Wen-Mei Hwu

".7.':? '11.;? ["_Ehtl'p:."."n:cuurs:es.ece.Uiu;:.edufecedgﬁ."all.ﬂ}r]]ahus.hhnl l l

- B e - [EEE - IR

Date

Week 1: Wed, 8/22
Week 2: Tuesday, 8/28
(Malkce up, class in
163EL)

Wed, 8/29

Week 3: Tuesday, 9/4

Fall 2007 Syllabus (Tentative)

Lectare

Lectre 1 - Introduction

Lecture 2 - GPU Computing and CUDA Intro

Lecture 3 - GPU Computing and CUDA Intro

{(Make up, class in 1109 Lecture 4 - CUDA memory model, tiling

Siebel Center.)

Wed, 9/5: (DK in IL)

Week 4: Mon, 9/10

Lecture 5 - GPU History

Lectiwe 6 - CUDA Hardware

Material

Slides (ppt)
Voice (mp3)

Slides (ppt)
Voice (mp3)

Slides (ppt)
Voice (mp3)
Slides (ppt)
Voice (mp3)
Joke (mp3)

Slides (ppt)
Voice (mp3)

Slides (ppt)
Voice (mp3)

Assignments

MP-0 Released - CUDA installation,
run hello world.

Read CTUDA Programming Guide 1.0.

MP-1, Simple Matrix Multiplication
and Simple Vector Reduction released

MP-2, Tiled Matrix Multiplication
released

MP-1 (both parts) Due: Wednesday,
September 5th at 11:5%m.
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1 On desktop, right click the mouse and choose NVIDIA control panel

‘RN
HEERF0)
EFHEHEE)

2 Choose system information

B nvIDIA Z2ER
BEFR {/EE BENV) =HBEH)

Q “& - Q ‘ BENEE -

MVIDIA =& EiE

FEMW)
B EAER

SEHT—EETE..
EI 3]:! zﬁfﬁ .

EI ﬁ“ﬂﬁéﬁﬁ

CHEER R
L LHEERHE AT

EI BRI

IR
R TEE AR LSRR
R ET

- FERETEE

IETES 5B TR

. AR EEEENER

YL B T] A B FRER AR o1 e Tl cn TE(H AR 1BI R EE - it E
TR 30 R AR TR -

tem [HEE | —EIg - .
B EE S (2 @ E 3D Jﬁlﬂ#ﬁ?&f@;
%ﬁ%ﬁ@ﬂ:‘&ﬂﬁﬁﬁ () {EFERS 3D SR TEE D
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1 chipset

system information, including
2 driver

RREM
BEATE) NVIDLA TR LUE S THERA ) Fima) SR il 3l -

BT | T=
EimEl
PERE T Windows ista (TM) Entexprise, 64-bit (Service Pack 1)
Directs PR ¢ 100
B2
TFE SEEHEF
1| GeFore GTE 260 2 | EEEMIZFHEE : 176.13
R EEIEEE . 192
Grraphics clock: 621 MH=
SLIEHEEEE 1080 MH= (2160 MH= 355
HigEim 4430
THEREIEMEEEST ©  2600ME
BRI S IE ROEME
iR IR OME
HEF BT 1793ME

4 1]

| BER:A)

m



How to embed “nvcc” into VC 2005  [4]

BN REEES SSETTT

Microsoft Windows [fFF 6.8.68011
Copyright <c?» 2886 Microsoft Corporation. All rights reseru

C:xlzers rootrzset

ALLUSERSPROFILE=C: “ProgramData
APPDATA=C:“Users oot “ApplatasRoaming

CC=cl

CHL_COMPILER_VERSIOM=Microsoft <(R» CA/C++ Optimizing Compiler
.41 for AHDG4

CHL_DIR=C:“Program Files <x86>“UNI*im=s1“cnloB@
CHL_EXAMPLES =C: “»Program Files (x86>“UNI*imslcnleBB8smzbdpc e
CHL_0f%_UERSION=Microsoft Windows Server 2083-XF x64 Edition
CHL_UERSION=6.8.8

CommonProgramFiles=C:“Program Files“Common Files
CommonProgramFiles (x862=C:“Program Filesz (x86>“Common Files
COMPUTERNAHE=FLUID-LABA1
ComSpec=C:“Windows“systemd2 cnd.exe

CUDA_BIN_PATH=C: ~CUDA“hin

CUDA_BIN_PATH_64=C:~CUDA_64~hin
CUDA_INC_PATH=C: ~CUDA ~inc lude
CUDA_INC_PATH_64=C:~CUDA_64~inc lude
CUDA_LIB_PATH=C:~CUDA~1ih

CUDA_LIB_PATH_64=C:~CUDA_K4~1ih

FF_HNO_HOST_CHECK=NO

Check environment variables

HUSDECUDA_ROOT =C:“~Program Files (xB62>“NUIDIA Corporation~HWUIDIA CUDA SDK
HUSDECUDA_ROOT_64=C:“Program Files (x862>~NUIDIA Corporation~NUIDIA CUDA SDK

OMF_MUM_THREADS =1
0S5 =Windows_HNT

Path=C:“Program Filesz (x862>~UNI*imzlcnleBB8mzbdpc~lib;CisWindowsssystemd2:;Cz~Mi
ndows;C:~Windows~System3Z2“Whem;c-“Program Filesz (xB6>“Microsoft SQL Server~28-ITo

olszbinn~;C:“Program Filesz*MATLAB-~R2ZB@8a“~hin;C:“Program Filesz“~MATLAB-~RZBH@8a~hin
winb4d;C:~CUDA~hin;Co“Program Files (xB862>~NUIDIA Corporation~MUIDIA CUDA SDK-hin
winb4d~Debug:;Cz“Program Files (x862~UNI*imzlcnleBBsmz6dpc~lib:;Cz~Program Files |
»B862~53H Communications Security~53H Secure Shell

PATHEXT=_COM: _ESE: .BAT; .CHMD; _UBS; _UBE; .JS; .JSE;:; _WSF: _USH: _M5C




How to embed “nvcc” into VC 2005

[5]

Create a new project: CUDAG64 project, this is different from what we do before

[/ Start Page - Microsoft Visual Studio
File | Edit View Tools Window Community Help
| New b || project.. cri+shift+N |-
I Open P [@ WebSite..
Close  File. Ctrl+N
| Close Solution Project From Existing Code...
@ SaveAll Ctrl+Shift+5 Recent Projects
Page Setup EHqd T
T Ctrl+P E3arprec o
= g
g
Recent Files 3 helle v
Recent Projects 3 T
Exit c
Open: Project.. |Web Site... Z
Create:  Project.. |Web Site.. v
-

e
Mew Project

Project types: Templates:

= Visual C++
- ATL
- CLR
- 3eneral
- MFC
- Srnart Device
- WWin32
- CUDA
- CUDAB4
- Other Languages
- Other Project Types

Visual Studio installed templates
El cubawinApp
My Templates

-4 Search Online Templates...

TODO: Wizard Description.

Mame: vecadd_vc2005

Location: Exlschien

Solution Mame: vecadd wc2005
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CUDA Windows Application Wizard - vecadd_vc2005 IEI

Welcome to the CUDA Windows Application Wizard

2VIDIa
CUDA

Overview These are the current project settings:

Application Settings & Console application
Click Finish from any window to accept the current settings.

After you create the project, see the project's readme. tt file for information
about the project features and filles that are generated.

CUDA VS Wizard.

This wizard created from Win32 by Zhao Kaiyong. If there is any problem about
the wizard, please let me know.

Copright (C) 2008 Zhao Kaiyong.

Department of Computer Scence,

Hong Kong Baptist University,

Kowloon Tong, Kowloon,

Hong Kong.
Email:zhao. kaiyong@gmail. com T _
http:,/www. 10bitn CUDA Windows Application Wizard - vecadd_vc2005 -7 |
http:/fblog.csdn.netfopenhero — - |
_— Application Settings
| Next> || Finish
Overyien Application type: Add common header files for:
7] ] . application Settings () Windows application
Press “Next” to create empty project D ook i
@ DLL
() Static library

Additional options:

Empty project

) (e
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Copy source files, vecadd.cu, vecadd _GPU.cu, vecadd_gold.cpp and vecadd_kernel.cu

to directory vecadd_vc2005/vecadd vc2005

? '| |« data (E) » lschien » vecadd vc2005 » vecadd vc2005 v|¢?||§§
_—T_EE-_E:E :EH 1§E§IEIQ Eﬂ
o= | |vecadd.cu 2008/11/24 F510... CUBE
E' = ¢qvecadd_gold 2008/11/21 F502.. C++ Source
3 | |vecadd_GPU.cu 2008/11/24 510, CUEBE
B = | |vecadd_kernel.cu 2008/11/22 FF12.. CUEE
=L » FAvecadd_vc2005 2008/11/25 T4 05.. VC++ Project
EHw v | Zlvecadd vc2005.vcprojfl..  2008/11/25 F505.. Visual Studio Projec..
., CUDA_easy start_up i
|, CUDANVS Wizard. 2.0.beta
. CUDA_VS Wizardl.2
|| Files_for x64
. matrixiiul
| wvecadd .
. vecadd_multicore
| vecadd w2005 _cuda 2
|, vecadd_vc2005_cuda_ 2 |=
N xb4
|y hello
|, wc2005_english M
|, vecadd vc2005
| vecadd_wc2005 =i P
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Add source files, vecadd.cu and vecadd_gold.cpp to project

Add Existing Item - vecadd_vc2005

Look in:

W vecadd_wc2005 - Microsoft Visual Studio

File Edit View | Project | Build Debug Tools Window
H-E-E -l Add Class...
Solution Explorer - § ¥'% Add Resource...
) i Add New Item... Ctrl+Shift+a
(54 Solution 'vecad |l Add Existing Item... Shift-+Alt+A
=8 ‘33 vecadd_vc2y O Mew Filter
t. [ HeaderH
_____ 1 Resource 21 Show All Files
Wl Source Fi Visio UML(V) )
Set as StartUp Project
vecadd_vc2005 Properties...  Alt+F7

D.esktop

3

My Projects

A

My Computer

(7 =]

| wecadd_ve2005 -4 X i [ =~ Tools»

=]

=8 E=E 2 A

| |vecadd.cu
t+vecadd gold

| |vecadd_GPU.cu

| |vecadd_kernel.cu

IZdvecadd_vc2005

|51 vecadd_vc2005.veproj. fluid-lab0l.root

File name: Add

Files of type: | All Files Cancel

EN| KN
t\I
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Check solution’s property : platform must be x64 (64-bit platform)

File Edit View | Project | Build Debug Tools Windo
H-E-Ed ] Add NewItem... Ctrl+Shift+A

_ Add Existing Item...  Shift+Alt+A

(| " Add Mew Solution Folder
7] solution vecad EEERVERYVIVITVY) b
= 24 vecadd_vc2¢ :
h Set StartlUp P cts...
.. [ HeaderF =L Startlp Free

.. [ Resource Properties Alt+F7

=8 E‘ Source Files
- | | vecadd.cu
... ¢4 vecadd_gold.cpp

Configuration: ’Acﬁve[l]ebug]l = | Platform: | | Active(x64) v] ’ Configuration Manager... ]
= Common Properties Project contexts (check the project configurations to build or deploy):
. .. Startup Project

.. Project Dependencies Project Configuration Platform Build

: Debug Source Files vecadd_vc2005 Debug |E| x64 |E|
=8 Configuration Properties
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Check solution’s property : CUDA - General > Target Machine > MachineX64 (64-
bit platform)

o vacadd vwe2005 -

File Edit WView F"rnject|BuiId Debug Tools Windo

@-aE-5d

Solution Explorer - w

O

[on Solution 'vecad

O\ ecadd v

. [ HeaderF
... [ Resource

=- ¥ Source Fi
..... || vecaq
b t"l.ﬂ vecao

Microsoft Visual Studio

Add Class..

Add Resource...

Add Mew Itemn... Ctrl+Shift+A
Add Existing Item...  Shift+Alt+A

Mew Filter

Show All Files

By B E & &

Unload Project

Wisio UML) b
References..

AddWeb Reference...

Set as StartUp Project

Custom Build Rules...

Tool Build Crder...

Froperties Alt+F7 |

vecadd_vc2003 Property Pages

Configuration: | Active(Debug)

- | Platform: |Active(xé4)

=- Common Properties
. . References

=8 Configuration Properties
. General
Debugging

C/CH+

-Linker

- Manifest Tool

AL Document Generat

- Browse Information

-Build Events

- Custom Build Step

-\Web Deployment

-CUDA

Advanced

Additional Include Directories
Debug Information

Compile to

Shared library

Target Machine

Library paths

System paths

Additional libraries

S(CUDA_INC_PA
Yes (-g)

Object file (.0}
Mo

hMachinexad
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Check solution’s property : CUDA - Output - Intern Mode - Real (important)

vecadd_vc2005 Property Pages

Configuration: ’Actiue[Debug]

- ] Platform: ’Active(xﬁd]

=- Commaon Properties

References

EI Co nfiguration Properties

General
Debugging

CIC++

-Linker

-Manifest Tool

XML Document Generatt
-Browse Information
-Build Events

-Custom Build Step

‘\Web Deployment
-CUDA

- Advanced

- Backends

- General

- Miscellaneous
- Cptimization

- Preprocessor

- Command Line

Cutput File Mame

Output Directory
Export Directory
Extern Mode

S{ntDIN\S(
S({IntDin

Mone

Intern Mode

Real |

tecadd_vc2005 Property Pages

Configuration: |Acti|.re(DebugJ

--‘ Platform: | Active(x64) v} \ Configuration Manager... l

=- Commaon Properties
j .. References

&- Configuration Properties
- General

.. Debugging
- C/C++

- Linker

Manifest Tool

XML Document Generate
- Browse Infarmation
- Build Events
- Custom Build Step

Web Deployment

=- CUDA

.. Advanced

.. Backends

.. General

- Miscellaneous
- Optimization

- Qutput

- Preprocessor

M Command Line

All options:
CACUDA_64\bin\nvec.exe -ccbin "C\Program Files (x86)\Microsoft Visual Studic 8 -
Wi -I"CACUDA_s4\include" -I"C\Program Files (x86)\NVIDIA Corporation\NVIDIA
CUDA SDK commoniinc” -O0 -D_DEBUG -D_COMSOLE -arch sm_10 -code sm_10 --host-
compilation C++ -g -c -m 64 -0 "x64\Debug\vecadd vc2005.0bj" -odir "x64%Debug" -ext
none -intreal vecadd vc2005.veproj

Additional options:
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o vecadd_vc2005 - Microsoft Visual Studio
File Edit WView Project | Build | Debug Tools Window Community Help

F-EA-BElda Build Solution 7 g - w64
Eebuild Solution  Ctrl+Alt+F7

Solution Explorer - Solu... » I Clean Solution

= | & % Build vecadd_vc2005
& Solution 'vecadd_vc2005' Rebuild vecadd_vc2005
= 1Zd vecadd_vc2003 Clean vecadd_vc2005

. [ Header Files
.. [ Resource Files
- [ Source Files

i || vecadd.cu Batch Build...
L. o] vecadd_gold.cy

Project Only 3
Profile Guided Optimization 4

Configuration Manager...

£ Compile Ctrl+F7
T P OECTE AT IO, TOIWa I
wold runTest{int argc, char®¥ argw);

tmr A rnndan T $ T —n b At -
Cutput
Show output from: Build - &3 = =
1=------ Fetuild A1l started: Project: wecadd_wc2005, Configuration: Debug x64 ------
l=Deleting intemmediate and outpot files for project 'vecadd_wc2005', configuration 'Deboglxad’
1=Compiling. ..

l=vecadd cu

1=tmpaxf t_ 00001608 _00000000-3_vecadd .cudafel .gpu
1=tmpyf t_00001603_00000000-3_vecadd _cudafe? gpu
1=tmpf t_00001603_00000000- 3_vecadd _cudafel cpp
1=tmpxft_00001608_00000000-12_vecadd (i1

1=Compiling . ..

1=c] : Command line warning 09032 : /21 is not supported on thizs platform; enabling F21 instead
1=zl : Command line warning D007 : 'fOm' requirves '/Zi'; option lgnored

1=vecadd_gold _cpp

1=Linking...

1-LIME : warning LMWE4093: defaultlib 'LIBCMT' conflicts with use of other libs; use SNODEFAULTLIB:library
1=Embedding manifest__.

1=Build log was saved at "file:ffe:lschien'wecadd o005 wecadd wo2005xeAd \Debug BuildLog hin"

1=vecadd w2005 - 0 errords), 3 warning(s)

========== Rehuild A11: 1 succeeded, 0 failed, 0 skipped ==========
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# vecadd vc2005 - Microsoft Visual Studio

File Edit WView Project Build | Debug | Tools Window Community Help

A-EH-Edd ERY Windows bl
b Start Debugging F5

Solution Explorer - Solu.. ~ 3 X I Start Without Debugging Ctrl+F5
= & S Attachto Process...
o Solution ‘vecadd_vc2005' (1 pr Exceptions... Ctrl+Alt+E
= (3 vecadd vc2005 5= steplnto F11

- Ll Header Files (= StepOver F10

.. [l Resource Files

= [&¥ Source Files

. || vecadd.cu Mew Breakpoint r

.. &4 vecadd_gold.cpp

b O I L R AR R ] =L =T= A LAY Rt R L

BN ChWindows\system32yemd.exe
| I
Uzing device B: GeForce GTX 2686

in GFU, C = A + B: 18.118784 <ms>
device —2» Host: B.A73333 (ms>

compute gold vector needs B.0000 <ms>
Te=t PASSED

Presz ENTER to exdit...
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vecadd_dble_vc2005 Property Pages
Configuration: | Active(Debug) ~ | Platform: | Active(x64) v] ’ Configuration Manager... ]
- Common Properties B Backend
- Configuration Properties Emulation No
General Compile As Compile as C++ code
Debugging Generate dependencies Mo
- C/C++ B Code Generation2
- Linker Maximum registers
--ManifestTnnI Mo align double Mo
" AML Document Fﬁenerat: GPU Architecture Compile Mame 1.3 (hardware) Arch
. Ergwse Jlis el GPU Architecture Code Mame 1.3 (hardware) code
- Build Events
) 2 Paths
[ Custom Build Step : : _—
- Web Deployment Compiler Directory S0V CInstallDiribin
= CUDA
- Backends
- General
- Miscellaneous
- Optimization
- Dutput
- Preprocessor
- Command Line
Backend
L] 111} I

| mE || E =EM
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man nvcc

-—gpu-hame <gpu architecture name> [-arch)

Specify the name of the nVidia GPU to compile for. This can either be a 'real'
GPO, or a 'wirtual' ptx architecture. Ptx code represents an intermediate for-
wmat that can 2till be further compiled and optimized for. depending on the ptx
version, a specific class of actual GPUs.

The architecture specified with this option is the architecture that iz assumed
by the cowmpilation chain up to the ptx stage, while the architecture(s) speci-
fied with the -code option are assumed by the last, potentially runtime compi-
lation stage.

Allowed walues for this option: 'compute_10', 'compute 11', 'compute_ 13,
'compute_14', ‘compute_Z0', 'sm 10', 'sm_11', 'EiEeeE', 'swm_14', 'sm_Z0'.
Default walue: 'swm_10'.

--gpu-code <gpu architecture name>x,... [-code)

Gpecify the name of n¥idia gpu Lo geherate code f£or.

Tnless option -export-dir is specified (see below), nwec will embed a compiled
code image in the executable for each specified 'code'! architecture, which iz a
true binary load image for each 'real' architecture [(such azs a
code for each wirtual architecture (such as compute_l0). During runtime, such
embedded ptx code will be dynamically compiled by the cuda runtime system if no
binary load image iz found for the 'current' GPU, and prowvided that the ptx
lewel iz compatible with this current GPU.

Architectures specified for options -arch and -code may be wirtual as well as
real, but the 'code' architectures must be compatible with the 'arch' architec-
ture. For instance, 'arch'scompute_l3 iz not compatible with 'code'=sm_ 10,
becauze the earlier compilation stages will assume the awvajilability of com-
pute_l13 features that are not present on sm_l10. This option defaults to the
value of option '-arch'.

Allowed walues for this option: 'compute 10', 'compute_ll', 'compute 13',
'compute_14', 'compute_=20', 'swm 10', 'sm 11', 'RiggeE', 'sm 14', 'sm_z20'.

virtual: compute_10,
compute_11,
compute_12,
compute_13

real: sm_10,
sm_11,
sm_12,
sm_13

sm_13: compute capability 1.3



