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

test N=512*10

i tezt C =4 + B
void runTezst(int argc, char®* arov)

|
wnzigned int N = 512*%10 ;
printf("N = %din", W);

vecadd GFU{ h_C, h 4, R B, N} ;

void vecadd GPU({loat* h C, conzt fleoat* h &, conzt float* h B, unzigned int N )
{

unzigned int num _block = 1 ;
ungigned int threads = 512 ; #include =gtdio.h=
unzigned int men size 4 = zizeof({loat) * N : #include <azgert.hs

unzigned int mem _gize B = gizeof{float) * N :
_global _ woid wecadd( fleat® C, float*® 4, fleat* B, int N

{
I,n'*

floexecute the kernel .
vecadd<<< num_block, threads ==={d C, d_4, 4 B, I #lgiifb;_EEEggEg?gg%iT¥ﬂﬂ_‘
agzert! 0 = bx) ;
Fendif
*f
int k ;
We only use 512 threads to int i = threadlds.x ;
do 512*10 addition by for for{ k=0 ; k < N/512 ; ktt )

i * = i *® i * .
|()()F) } Cli+ 512*%k] = &A[1 + 512%k] + B[i + 512%*k] ;



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?

We can use more than one-dimension ( either block or thread) to do
parallel computing or we can let each thread do more than one thing as
before .

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?

Not exactly, it depends on the comparison of computation between CPU
and GPU. If GPU is much faster than CPU, then maybe the time waste on
data transfer can be paid back . Moreover, if you can accelerate CPU
computation , then maybe there is a way to accelerate the data transfer ,too !



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

hardware
supports.

Visual2005 GTX260

C=A+BY¥—]

A

Copy C from device to host

Table 2
# of block size GPU (ms) Device - Host (ms) CPU (ms)

16 32 KB 1.156013 0.097848 0

32 64 KB 1.137016 0.103924 0

64 128 KB 1.15099 0.148483 0

128 256 KB 1.154407 0.267771 0
256 512 KB 1.135270 0.486165 0
512 1.024 MB 1.534413 1.498584 2
1024 2.048 MB 1.375454 1.523029 3
2048 4.096 MB 1.513810 2.812648 5
4096 8.192 MB 1.721238 6.170896 11
8192 16.384 MB 2.244629 11.330351 21
16384 32.768 MB 3.312502 24.299248 44
32768 65.536 MB 5.324490 43.954819 89
65535 131 MB 9.193068 96.222427 192
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Linux machine GeForce

9600GT > Copy C from device to host
Table 2 C=A+BT—
# of block size GPU (ms) Device - Host (ms) CPU (ms)
16 32 KB 0.057000 0.053000 0
32 64 KB 0.061 0.092 0
64 128 KB 0.065000 0.186000 0
128 256 KB 0.084000 0.335000 0
256 512 KB 0.120000 0.803000 0
512 1.024 MB 0.169000 1.538000 10
1024 2.048 MB 0.254000 2.358000 0
2048 4.096 MB 0.430000 4.511000 10
4096 8.192 MB 0.794000 10.279000 10
8192 16.384 MB 1.505000 17.690001 20
16384 32.768 MB 2.885000 34.956001 60
32768 65.536 MB 5.689000 69.507004 120
65535 131 MB 11.299000 138.901001 240
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Linux machine GTX260

C=A+BY¥—]

A

Copy C from device to host

Table 2
# of block size GPU (ms) Device - Host (ms) CPU (ms)

16 32 KB 0.050000 0.044000 0

32 64 KB 0.057000 0.074000 0

64 128 KB 0.054000 0.138000 0

128 256 KB 0.059000 0.264000 0
256 512 KB 0.076000 0.528000 0
512 1.024 MB 0.093000 1.040000 0
1024 2.048 MB 0.134000 1.926000 0
2048 4.096 MB 0.196000 3.702000 0
4096 8.192 MB 0.315000 7.295000 10
8192 16.384 MB 0.575000 14.424000 30
16384 32.768 MB 1.033000 28.607000 50
32768 65.536 MB 1.993000 57.006001 90
65535 131 MB 4.046000 113.746002 190
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5. modify code in matrixMul, measure time for computing golden vector , time
for C = A*B under GPU and time for data transfer, compare them.

WA = HA = WB = 200 WA = HA = WB = 250

[benzemafmatrix matrixmmltiply]$ make nvcc_run [benzemafmatrix matrixmltiply]$ make nvcc run
nvcc -run -Ifusr/local /NVIDIA CUDE SDE/common/inc nvce —run -Ifusr/local /NVIDIA CUDA SDE/ common/inc
matrixMul.cu matrixMul gold.cpp matrixMul.cu matrixMul gold.cpp

Using dewice 0: GeForce 9600 &T Using dewvice 0: GeForce 9600 GI

host —-> device (&): 20.926001 (ms) host —-> device ([A): 32.146000 (ms)

hoat —-> device (B): 20.288000 (ms) host —-> device (B): 31.483000 {ms)

in GFU, C = A*B: 1329.6539058 (ms) in GEFU, C = A*B: 2609.721924 (ms3)

device --> Host (C): 42.50293%8 (ms) device --> Host (C): 66.496002 (ms)

compute golden wector needs 450850.0000 ({ms) compute golden vector needs 874180.0000 (ms)
Test PASSED 300 Teat PASSED

Press ENTEE to eXit... Press ENTER to eXit...

void

Beomnputefold{float* C, conzt float* 4, conzt float* B, unzigned int hi, wnzigned int wh, unzigned int wB)
{

Hoconpute the time for golden vector
clock_t  start, end ;

start = clock() {f create and start timer

for {ungigned int i = 0; i < hi; ++1) ungigned int timer = 0; .
for (unzigned int j = 0; j < wB; ++j) { CUT_SAFE_CALL{cutCreateT imer(&tiner));
el el = 0 CUT_SAFE_CALL{cutStartTimer(tiner));
for (unzigned int k =0; k « wh; ++k) { !t for &
double a = A[1 * wh + k];
donble b = B[k * wB + j]; ff copy hozt menory to device
gum 4= a * b; CUDA_SAFE_CALL(cudaMemcpy{d_&, h_ A&, mem_size 4,
b . . cudaMencpyHoztTolevice) 3;
| Cli *wB + ] = (fleat)sun; /f ztop and degtrov timer
Al e e 1) CUT_SAFE_CALL(cutStopTimer(tiner));
donble dt = {({deuble)(end - start))/((donble)CLOCES_PER_SEC) * 1000.( printf{"hozt --» device (&) af (mz)hn",
printf("compnte golden vector needs %10.4f (mz)tn", dt I; cutGetTinerValve(tinerd);

COT_SAFE CALL{cutDeleteTimer{timer));




CaWindows\system32\cmd.exe

lsing device H: GeForce GTH 266

host ——2» device (A>: 21.516911 <{ms)

host ——2» device (B): 20.84454? {(ms)

in GPU., C = A=B: 418.397858 {(ms>

device —2» Host (C): 21.631178 {(msD)

compute golden vector needs 364897_.0008 {ms)

Test PASSED CAWindows\system32\cmd.exe

Using device B: GeForce GIX 266

host ——2» device (A>: 38.485611 <m=2>

host —2» device (B>: 31.174806804 <ms2>

in GPU, C = A=B: 812.295349 <{ms>

device —2» Host (C>: 32_.762485 <msz>

compute golden vector needs 694976 .080HA <ms)
Te=t PASSED

Press EMTER to exit...

Presz EMTER to exit... 800

Q1 : why the speed of “host to device “ and “device to host” are different in Linux
Q2 :why can't we let WA =HA =WB =300 ? Do we use all storage ?




6. 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)



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

rule.
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/Y Block

index

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

/Y Thread index

int £tx =
int Tty =

threadldx.x;
threadIdx.v;

The physical index of first entry in block (X, by ) = (bx x blocksize ) x hA + blocksize x by

e.g. The physical index of first entry in block (1,2) =(Ix2)x6+2x2=12+4=16

The physical index of (block index, thread index) (X, bY), (tx,ty)) = (bx, by) + (txx hA) +ty
€.g. ((bX, by)a (tX, ty)) = ((172)3 (131)) =16+ (1 X 6) +1=23

global index

((bx,by),(tx,ty)) ———> (blocksizexbx+tx, blocksizexby+ty) ————> col-major




Modify code in matrixMul_kernel.cu

fictine pall st (1 choose to keep this notation and modify the code

below)
Part 1:copy A [[@D| to AS and B||@0|| to BsS

i Index of the first sub-matrix of 4 proceszed by the block
int aBegin = BLOCKE_SIZE * by; L5(tu, tv)
EsS{tx, tv)

4[a + HL * tx

E[b + HE * tx
i Index of the lazt sub-matrix of 4 processed by the block

HHLE = gridDim.y * blockDim.y

ML = gridDim.x * blockDin.x

A BLOCKE S1ZE = blockDim.x = blockDim. v

Hooint aEnd aBegin + (gridDim.x-1D)*blockDin.x*¥Ha - 1;

int aEnd aBegin + (WA-BLOCE_SIZE)*HL + 1;

! Step mize umed to iterate through the sub-matrices of 4
int aStep = BLOCE_SIZE * HA

! Index of the first sub-matrix of B processed by the block
int bBegin = BLOCE_SIZE * bx * HA ;

! Step mize umed to iterate through the sub-matrices of B
int BStep = BLOCE_SIZE ;

Part 2: add first product term to submatrix of C

for (int k = 0; k < BLOCE_SIZE; ++k)
Czub += 450k, ty) * ES(tx, k);

Part 3: rewrite Csub to C

int ¢ = H4 * BELOCE_SIZE * bx + BLOCE_SIZE * by;
Clec + HA ¥ tx + t¥] = Czub:



Modify code in matrixMul_gold.cpp

void

= computebold{float* C, const fleoat* 4, conzt float®* E,

{

Hocompute the time for golden vector
clock t start, end ;

gtart = clock() ;
for (unziegned int 1 = 0; i < hi; ++1)
for (unzigned int j = 0; j < wB; ++j) {
double zum = 0;
for {unzigned int £k =0; k < wh; ++k) |
double a = &[k * R + 1]; // Afi k)
double W = B[j * wh + k]; // Bik,id
gum += a * b;
1
Cli * hdh + 1] = {(float)zun;
i

end = clock() ;

AOENE

unzigned int hd,

hE = wh

double dt = ((double)(end = start))f((double)CLOCKS FER_SECY *# 1000.0
printfi"compnte golden vector needs %10.4f (m=)in", dt 3;

I-th row

unzigned int wh, uvnzigned int wBE)

A, ]) = AL xhA+i]

j-th column

A, )




8. 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



