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overview

* motivation

* philosophy

* efficient Matlab techniques (tip of iceberg)
 GPU enabled Matlab functions

 parallel for loops

« MEX

« CUDA




motivation

 You don't want to walit for results

* Your labmates don't want to wait for your
results



philosophy

“Premature optimization is the root of all evil
(or at least most of it) in programming.” --Knuth

* readability is key
 less errors
e reusable
* only optimize bottlenecks
* keep readable code commented



efficient

 find bottlenecks:
1) > profile on
2) run your code
3) > profile viewer

Matlab - profiler

File Edit Depug Deskitop Window Help
e« | oM

Start Profiling)] Run this code: |

Profile Summary

Cenerated 26-Apr-2011 16:43:10 using cpu time,

Function Mams

nlmeans _good
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rries higried
cell.strmatch

o ream. RandStrear = Rand Stream . Rand Strearm

imZool
mkRamp
iscellstr
strrnatch

EandStrearn . RandStreatmn sqetargs

@RandStrearm fprivate/create_rmex (MEX-fila)

oL RandStream s local GetSetDafaultStrearn

@RandStream/ privatafinlegacyMode (MEX-file)

@RandStrearm fprivate/getsat_mex (MEX-file)

BandStream.delets (MEX-fils)

andStream »RandStream . setDefaultStrearm

imdeol=parse_inputs

iptchecknargin
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Self time is the time spent in a function excluding the time spent in its child functions, Salf time also
includes overhead resulting from the process of profiling.

| @ Profile time: 8 sec
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Profiler — time spent per line

File Edit Debug Deskitop Window Help k]
L A SN
Start Profiling| Eun this code: | |'| ' Profile time: 4 sec

-

nimeans_good (1 call, 2.794 sec)

Cenerated 20-Apr-2011 I6:5702 using cpu time.

function in file foj2.3/p3/rvoungfTalks fmatlabOpt/nlmeans _good.m
Copy to new window for comparing rmultiple runs

[wiShow parent functions [WiShow busy lines  [WShow child functions
[wlShow Code Analyzar results W Show file coverage [wl Show function listing

Parents (calling functions)
Mo parent

Lines where the most time was spent

Line Mumber | Code Calls | Total Time % Time  Time Plot
37 errBlk = nsyBlocks - repmatix,... 2304|1233 44, 1% | I
40 reghlWeights = exp(-reghlieigh... 2304 | 0.82Z s 29.4%

41 regllleights = regNlWeights/su... | 2304 0,288 = 10.3% =

39 reghiWeights = sum(errBlk.A2); 2304 1 0,247 s g.8% [ ]

14 RandStream.setDefaultStrean (R... |1 0,082 < 2.9% 1

All other lines 0,123 = 4.4% 1

Totals 2.734 5 100%

Children (callaed functions)

Function Mame Function Type Calls  Total Time | % Time  Time Plot

rarrmar fiineticmn PEN4 11 NRE < SR ]



Profiler — mlint (Code Analyzer)

aa PGS IS — 1 S WS L1 LS, Dl e | SOuT | wiUU 5 Ltviom |
39 regllleights = sun{errBlk.A23; 2304 | 0,247 < 5.8% [ ]
14 RandStream.setDefaultStrean (k... 1 0,082 s 2.9% 1

All other lines 0,123 s 4. 4% |

Totals 2,734 5 100%

Children (zalled functions)

Function Mamea Function Type Calls | Total Time | % Time | Time Plot
raprnat function 2304 | L.OBE 5 38.2% .
im 2ol function 2 0.041 5 1.5% I

~ream.Rand Stream = Rand Stream, RandStrearm | subfunction 1 0,041 = 1.5% |

mkRamp function 1 0,041 ¢ 1.5% I
.andstream »FandStream. setDefaultitream | subfunction 1 0s 0%

Salf time (built-ins, overhead, etc,) 1EQS < E7.4% |
Totals 2,794 5 100%

Code Analyzer results
Line

numbar Message

1 The function return walue 'T' might be unset.

11 The walue assigned to wariable 'myeps' might be unused.

23 The walue assigned to wvariable 'orgBlocksSize' might be unused.

43 The wariable 'denImML' appears to change size on every loop iteration. Consider preallocating
- for speed.

46 The walue assigned to variable 'Tcpu' might be unused.

48 The walue assigned to variable 'denImbL' wmight he unused.

Coverage results

[l



efficient Matlab - vectorize

For loops are slow in Matlab, so replace with

colon (:) or repmat:
1 =0;
fort=0:0.001:1
i=i+1;
y(i) = sin(t);
end

with:
t=0:0.001:1;
y = sin(t);



efficient Matlab — pre-allocation

e If you are stuck with a for loop then make sure you
preallocate:

foo = zeros(1,N);

fori=1:N
foo(i) = baz(i);
end

« otherwise you're reallocating a new array at each
iteration



efficient Matlab - In-place operations

 Many Matlab functions support in-place
operation on data:

X = myfunc(x)

 No memory overhead and no time overhead for
allocation.



efficient Matlab — single precision

* Do you really need double precision?

* If not allocate as single precision:
foo = single(rand(N));

e quick way to cut execution time in half.
(almost anyway)
e cuts internal representation of variables in half



parallel threads of execution

e Matlab >= 7.4 supports CPU multithreading
« CPU usage > 100% == CPU multithreading
 Matlab >= 7.11 supports GPU multithreading

 example: independent iterations of for loop

e pass each job to its own processing core
(CPU or GPU)
* Multiple iterations done at each time step



efficient Matlab — GPU functions

e |atest versions of Matlab have limited GPU
support:

» arrayfun, conv, dot, filter, fft, ifft, I[divide, lu,
midivide, ...
e data transfer to and from card is slow

e works best with vectorized code



GPU functions - example

% move data to GPU
X_gpu = gpuArray(im_cpu);
Y _gpu = gpuArray(filt_cpu);

< perform operations on the GPU >
Z gpu = ifft( fit(X _gpu) .* ffit(Y_gpu) );

Z cpu = gather(Z _gpu);% pull data off the GPU



faster for loops - parfor

* have a for loop that you can't vectorize?
* if each loop iteration is independent:

matlabpool open;

parfor i=1:N
< loop body >
end

matlabpool close;
» current maximum # workers (threads) ==



faster code - MEX

File Edit Options Buffers Tools C Help

< o BN X Ea s EEAQE

R ' C de |
void m ction(int Nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[]){
a a int i, j, k, m, n, nr, nc, blksize, npix, row, col, endR, endC, winRad;
double *denImNL, *denImNL gpu, *org gpu, *nsy gpu;

double *sumRegNlWeights, *sumRegNlWeights gpu, *orgIm, *nsyIm;
double gaussWidth, tmpsum, regNlWeight;
int dims[] = P13}

« Standard C except for S

int)
= nr*nc;

matlab interface. i

(double
th = (double)

izeof(double));




faster for loops - CUDA

File Edit Options Buffers Tools C Help

File Edit Options Buffers Tools C Help
o ol b X = o H B K = 2
void mexFunction(int Nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[]){
int i, nr, nc, blksize, npix;
double *denImNL, *denImNL_gpu, *org_gpu, *nsy_gpu;
double *sumRegNlWeights, *sumRegNlWeights gpu, *orgIm, *nsyIm;

double gaussWidth;
size t gims[] = {1,1}; void checkCUDAError(const char *msg){

cudaThreadSynchronize();
/** input parameters **/ cudaError_t err = cudaGetLastError(); aGetErrorString(err));
nr = (int) mxGetScalar(prhs[@1); lftCUdaﬁQE(ESS '=err){ ‘
nc = (int) mxGetScalar(prhs[1]); printf("Cuda error: %s: %s.\n",msg,cud
npix = nr*nc; return;
blksize = (int) mxGetScalar(prhs[2]); } )
orgIm = (double *) mxGetPr(prhs[3]}); } t winRad, double 'denImNL:
nsyIm = (double *) mxGetPr(prhs[4]); ) ) ) _ ble '?svlm. double gaussWidth,
gaussWidth = (double) mxGetScalar(prhs[51);[] global__ void gpuFunc(int nr, int nc, inights){

double *orgIm, douadIdx.x; h,

/** output parameter #*#%/ double *sumRegNlWe
dims[1] = (size t)npix; int i = (blockIdx.x * blockDim.x) + thre:
plhs[0] = mxCreateNumericArray(2,dims,mxDOUBLE CLASS,mxREAL); %ﬂt row = 1/nr;
denImNL = (double *) mxGetData(plhs[0]); int col = 1i%nc;

int j, k, m, n;
/** malloc vars e QGuble tmpsum
sumRegNlWeights = (double*)malloc(npix*sizeof(double)); }ﬂt endR =
for(i=0;i<npix;i++){ int endC = ¥

denImNL[i] = 0.0; double regNlWeight
sumRegNlWeights[i] =

} gaussWidth = gaussWidth * gaussWidth;

#include "mex.h"
#include <math.h=>
#include <stdlib.h>
#include "cuda.h"

/** cuda code *& J for(j=winRad; j<endR; j++){
cudaMalloc( (void **) &sumRegNlWeights gpu, sizeof(double)*npix); for(k=winRad; k<endC;k++){
cudaMemcpy (sumRegNlWeights gpu, sumRegNlWeights, sizeof(double)*npix, for(m=-winRad;m nRad;m++) {
cudaMemcpyHostToDevice); for(n=-winRad;n<=winRad;n++){
cudaMalloc( (void **) &org gpu, sizeof(double)*npix); regNlWeight += pow(nsyIm[((j+m)*nc)+(k+n)] -
cudaMemcpy(org_gpu, orgIm, sizeof(double)*npix, cudaMemcpyHostToDevice); orgIm[ ((row+m)*nc)+{col+n)1,2);
daMalloc( (void **) &nsy gpu, sizeof(double)*npix); }
cudaMemcpy(nsy gpu, nsyIm, sizeof(double)*npix, cudaMemcpyHostToDevice);
cudaMalloc( (void **) &denImNL gpu, sizeof(double)*npix); regNlWeight = exp(-regNlWeight/gaussWidth);
cudaMemcpy (denImNL gpu, denImNL, sizeof(double)*npix,cudaMemcpyHostToDevice); sumRegNlWeights[i] += regNlWeight;
gpuFunc<<<(npix+127)/128,128>>>(nr, nc, blksize, denImNL gpu, org gpu, tmpsum += regNlWeight*nsyIm[((j-winRad)*nc)+k];
nsy gpu, gaussWidth, sumRegNlWeights gpu); ¥
cudaThreadSynchronize(); }
cudaMemcpy (denImNL, denImNL gpu, sizeof(double)*npix, cudaMemcpyDeviceToHost);
cudaMemcpy (sumRegNlWeights, sumRegNlWeights gpu, sizeof(double)*npix, denImNL[i] = tmpsum;
cudaMemcpyDeviceToHost);
syncthreads();
/* normalize */
for(i=0;i<npix;i++)
denImNL[i] = denImNL[1] / sumRegNlWeights[i];

cudaFree(denImNL gpu);
cudaFree(org_gpu);
cudaF (nsy gpu);
:--- blkloop gpu.cu 36% L67 (C/1 Abbrev) --:--- blkloop_gpu.cu Top L51 (C/L Abbrev)
Beginning of buffer




when is CUDA the right answer?

* Loop with large number of iterations
* Few if any temporary variables in loop

« Large temporary variables must be duplicated
 For example: summary statistics

* Only memory transfer on to card
 Small temporary variable
 Temporary variable can be shared by threads



nimeans speed comparison
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profile
code

Summary

Simple
: Matlab GPU
fixes no bottleneck no functi no
fast is for loop? Lnetions
enough? ) fast enough?
yes yes yes
parfor no MEX
fast fast
enough? enough?
yes yes

CUDA
fast
enough?

yes




Resources

me — my door's always open!

Matlab blogs (especially Loren & Steve):

http://blogs.mathworks.com

general Matlab optimization:
http://www.mathworks.com/matlabcentral/fileexchange/5685-writing-fast-matlab-code
profiler:
http://blogs.mathworks.com/desktop/2010/02/01/speeding-up-your-program-through-profiling/
http://www.mathworks.com/help/techdoc/matlab_env/f9-17018.html

parfor:

http://www.mathworks.com/help/toolbox/distcomp/brb2x2I-1.html
http://blogs.mathworks.com/loren/2007/10/03/parfor-the-course/

GPU:

http://www.mathworks.com/discovery/matlab-gpu.htmi
http://www.mathworks.com/help/toolbox/distcomp/bsic3by.html

MEX:

http://www.mathworks.com/support/tech-notes/1600/1605.html



Thanks!

Let's talk about your code!
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