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m In this work we Iinvestigate and measure the
advantages of mixing task and data parallelism

m We have implemented two applications from the
CMU task parallel suite using OQpenMP and /lc

m We propose to create an OpenBenchmark to
evaluate OpenMP implementations
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m The /lc language and its computational model
m Task and data parallelism

m The CMU Task Parallel Suite
q Bailey’s 6-step FFT algorithm
q Multibaseline stereo
Parallelizations (OpenMP & /ic)

Computational results
m Concluding remarks

m Future work

September 22, 2003 EWOMP-2003 Aachen, Germany



Exploiting Task and Data Parallelism Jose Rodriguez et. al

7KH 11c ®QIXDIH

m /lc is the result of our efforts to extend OpenMP to
distributed memory architectures

m The language uses a C-like syntax and parallelism is
expressed through the introduction of compiler
pragmas in the code

m Wherever it is possible //lc pragmas are compatible
with those existing in OpenMP

m Our constructs extend the OpenMP directives with
new annotations when it is necessary

m //[CoMP is a source to source compiler that translates
the source C code annotated with /lc pragmas into C
code augmented with calls to MPI functions
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m At any time, all the available processors are
organized in sets

m The initial set is composed of all the processors in
the machine

m We assume that all the processors have the same
/nput data and the same program in memory

m At any time, the memory state of all the processors
in the same set is identical

m The current set of processors is divided into subsets
when the execution of a parallel construct takes
place
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m The division process can be applied recursively while
there are processors available

m To keep a coherent view of the memory for the
processors in a subset, each processor establishes a
partnership relation with other processors in the
complementary subsets

m When the execution of the parallel tasks finishes,
the processors in the associated subsets join again
together to form the previous set

m At that time, partner processors interchange the
results (memory areas) that they have computed
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m The number of subsets in a division depends on the
number of parallel tasks in the parallel construct

m If the number of parallel tasks is greater than the
number of processors in the current set, each
processor computes several tasks

m In the oposite situation (more processors than
tasks) several processors replicate the computation
of the same task

m All the processors replicating the same task are in
the same set
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1 SUDJPD RPS SDUDOOCHO | RU
2 SUDJPD OOF UHVXOWM(ri + 1, si[i]);
3 for(i = 1; i <= 3; 1i++) {
4
5 SUDJPD RPS SDUDOCHO | RU
6 SUDIJPD OOF UHVXOW(r3 + 3, s3[31);
7 for(j = 0; j <= 1; J++) {
8 rj[j] = J_function (i, j, &sil[ijl, ) ;
9 }
10 ri[i] = I_function (i, &si[i], .)
11 }
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1 SUDJPD RPS SDUDOOCHO | RU
2 SUDJPD OOF UHVXOWM(ri + 1, si[i]);
3 for(i = 1; i <= 3; 1i++) {
4
5 SUDJPD RPS SDUDOCHO | RU
6 SUDIJPD OOF UHVXOW(r3 + 3, s3[31);
7 for(j = 0; j <= 1; J++) {
8 rj[j] = J_function (i, j, &sil[ijl, ) ;
9 }
10 ri[i] = I_function (i, &si[i], .)
11 }
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m Data parallelism occurs when the same operation is
applied to different data

m Task parallelism appears when multiple independent
code segments are run concurrently

m Although many applications can benefit from both
forms of parallelism, task and data parallelism have
been usually considered mutually exclusive
approaches to parallel programming
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m Closely related to the ability to mix these two forms

of parallelism is the capacity to exploit multiple levels
of parallelism

m Although the OpenMP specification allows multilevel
parallelism most of the compiler implementations
simply serialize any nested parallel region
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P. Dinda, T. Gross, D. O Hallaron, E. Segall, J. Stichnoth, J.
Subhlok, J. Webb and B. Yang 7he QWU task parallel program
suite Technical Report CMU-CS94-131, Carnegie Mellon
University, 1994

KWAE 277 FV FPX HGX al [ WSVXLWH KWPO

m Some common features in the programs of the suite:

q They can benefit from a mix of task and data parallelism
q They are simple

q They are representative in different application domains
q T'he programs have a manageable size

q The source code is available
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for (i = 0; i < ITERS; i++) {
T1();
T2();
fl;T.();

} o

m An outer loop performs several iterations over
different input data sets

m The body of the loop consists of calls to VIDVNV
LIRXMMOHV  that  typically include data-parallel
statements

m Depending on the application, there may be
dependences across iterations of the outer loop and
among the tasks subroutines
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m The discrete Fourier transform (DFT) is an important
tool with plenty of applications in diverse fields of
science and engineering

m A DFT is a matrix-vector product \ =)ol
where x and y are complex vectors and
) 0= ( | ST) isan (x ( matrix such that
ST

lgr = @ . with

® & cos(2r/Q-Lsin(27/Q=H>""?
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m A fast Fourier transform is an efficient algorithm that
exploits the structure in ) ,to compute the DFT product
in O/n log n) time

m The 1D FFT algorithm used in the CMU suite is the
Bailey’s 6-step algorithm

m If we consider the size of the input signal as the
product of two numbers, n,xn, , then the 1D FFT can
be computed using smaller independent 1D FFTs

m The input vector can be reshaped as an n,xn, matrix
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1. Transpose the input data set, considered as a n;xn,
complex matrix, into a n,x n; matrix

2. Perform n, individual n,-point one dimensional FFTs
on the resulting n,x n, matrix

3. Multiply the resulting ny,x n; complex matrix A; by
eiz nijk/n

4. Transpose the resulting n,x n, matrix into a n,xn,
matrix

5. Perform n, individual n,-point one dimensional FFTs
on the resulting n;x n, matrix

6. Transpose the resulting n,x n, complex matrix into a
N,x Ny matrix
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Input Signal: N= nyx n,

1 2 3 4 5 6
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for(k = 0; k < ITERS; k++)

dgen (x1in, N);

WERVH [ LQ DX| 1

| 1| W DX] EUW Z 1 [2*1
VFDOH DX[ Y 1

WERVH DX] [LQ 1

ITW [LQ EUW Z 1 [2*1
WERVH [ LQ DX] 1

chkmat (aux, N);

{

1

7
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SUDJPD RPS SDUDOOHO | RU private (k)
for(k = 0; k < ITERS; k++) {

dgen (xin[ID], N);

tpose (xin[ID], aux[ID], N);

scale (aux[ID], v, N);
tpose (aux[ID], xin[ID], N);

tpose (xin[ID], aux[ID], N);
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ffts(aux[ID], brt, w, N, LOGN, N / 2);

ffts(xin[ID], brt, w, N, LOGN, N / 2);

chkmat (aux[ID], N); C:;77
}
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SUDJPD RPS SDUDOOHO | RU private (k)
for(k = 0; k < ITERS; k++) {
GJHQ(xin[ID], N);
WBRVH (xin[ID], aux[ID], N);

VFDOH (aux [ID], v, N);
WBRVH (aux [ID], xin[ID], N);

WBRVH (xin[ID], aux[ID], N);
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| | W/ (aux[ID], brt, w, N, LOGN, N / 2);

| | W/ (xin[ID], brt, w, N, LOGN, N / 2);

chkmat (aux[ID], N); C:;77
}
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int || W/ (complex *a, int *brt, ...) {
register 1nt 1i;
SUDJPD RPS SDUDOCHO | RU private (1)
for (1 = 0; 1 < n; ++1)
fft(&ali * n], brt, w, n, logn, ndv2);
return 0;

}

int WoRVH (complex *a, complex *b, const int n) {
register int 1, 7J;
SUDJPD RPS SDUDOCHO for private (i, 7J)
for (1 = 0; 1 < n; ++1) {
for (3 = 1i; J < n; ++73) |
b[i *n + jJ] = alj * n + 17];
bl[J *n+ 1] = ali1 * n + J];

}
}

return 0; ZC:;;7
}
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SUDJPD RPS SDUDOCHO | RU private (k)
for(k = 0; k < ITERS; k++) {

dgen (xin[ID], N);

WBRVH (xin[ID], aux[ID], N);

VFDCOH (aux [ID], v, N);
WERVH (aux [ID], xin[ID], N);

WERVH (xin[ID], aux[ID], N);
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| | W/ (aux[ID], brt, w, N, LOGN, N / 2);

| | W/ (xin[ID], brt, w, N, LOGN, N / 2);

chkmat (aux[ID], N); §;77
}
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int || W/ (complex *a, int *brt, ...) {
reglister 1int 1;
SUDJPD RPS SDUDOCHO | RU private (i)
SUDJPD OOF UHVXOW (&a[i * n], n)
for (1 = 0; 1 < n; ++1)
fft(&ali * n], brt, w, n, logn, ndv2);
return 0O;

}

int WERVH (complex *a, complex *b,
register 1int 1, 7J;

SUDJPD RPS SDUDOCHO | RU private (i,

SUDJPD OOF UHVXOW (&b[1 * n], n)

const 1int n) {

J)

for (1 = 0; 1 < n; ++1) {
for (J = i; J < n; ++73) {
b[i *n + j] = al[j * n + 1];
b[] *n + 1] = a1 * n + 73];

return 0; ZC:;77
}
September 22, 2003
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m We have used two different platforms for our
experiments:

q a SMP SunFire E15K with 900 MHz UltraSPARC-111 processors

qg a Intel Pentium |V-based Beowulf cluster using a Myrinet
interconnection network (1.2 Gigabit/sec)

m In the SunFire we used

q Forte C Developer compiler with level 3 optimizations both for
OpenMP and //lc (MPI) versions

g Omni OpenMP compiler v. 1.6

m For the beowulf cluster we used JFF and MPICH
PSLFF compilers with the same optimization level
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SunFire E15K. Bailey’s "6-step” FFT. Input signal size, N = 2720 (float)

5HVXAQV &0 8 )) 7
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m Binocular stereo vision is a method used to obtain
three-dimensional information of a scene

m Stereo vision is computationally intensive and the
spatially repetitive nature of the method lends itself
to parallelization

m The main drawback of stereo is the problem with
Image point correspondence

m The trade-off between accuracy (which is aided by a
wide baseline) and ease of correspondence has been
mitigated using multiple cameras

m This approach has been named multibaseline stereo
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m The input to the algorithm consists of 3 mxn images. Two
of them are maitch images and the third is a reference
/mage

m For each of 16 disparities the first match image is shifted
by d pixels, the second is shifted by 2d pixels

m A difference image is formed by computing the sum of
squared differences between the corresponding pixels of
the reference and the shifted match images

m Next, an error image is formed by replacing each pixel in
the difference image with the sum of the pixels in a
surrounding 13x 13 window.

m A disparity image is then formed by finding, for each pixel,
the disparity that minimizes the error

m Finally, the depth of each pixel is displayed as a simple

function of its disparity
September 22, 2003 EWOMP-2003 Aachen, Germany
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for (count = 0; count < ITERS; count++) {

getdata (ref, ml, m2, curbesterr, curbestdisp);

for (curdisp = 0; curdisp < 16; curdisp++) {
gendiffimg(ref, ml, m2, diffimg, curdisp);

updatedispimg(diffimg, curbesterr, curbestdisp,

}
testdata (curbestdisp);

dumpimg (curbestdisp) ;
}

curdisp) ;

e
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SUDJPD RPS SDUDOCHO | RU private (count, curdisp)
for (count = 0; count < ITERS; count++) {
JHANGDWD (REF, M1, M2, CURBESTERR, CURBESTDISP);
SUDJPD RPS SDUDOOHO | RU
for (curdisp = 0; curdisp < 16; curdispt++) {
JH(‘_IEU | LPJ (REF, M1, M2, DIFFIMG, curdisp) ;
XSGEOVWHBI XQ: (DIFFIMG, CURBESTERR, CURBESTDISP, ...);

}

} 7
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void JHOGL|I | LPJ (int_array_t *ref, ...) {
int i, 9;
int ROWS_ = ROWS + WINY;
int COLS_ = COLS - 2 * curdisp;

SUDIPD RPS SDUDOCHO | RU private (i, 3)
for (1 = 0; 1 < ROWS_; 1i++)
for (3 = 0; j < COLS_; J++) {
DIFFIMG (i, J) = SQR(REF(i,j) - M1l (i, j+curdisp)) +
SOQR(REF (1, 3j) - M2(i, J + 2 * curdisp));

} l{::;77
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SUDJPD RPS SDUDOCHO | RU private (count, curdisp)
for (count = 0; count < ITERS; count++) {
getdata (REF, M1, M2, CURBESTERR, CURBESTDISP);
for (curdisp = 0; curdisp < 16; curdispt+) {
JH(‘_IELHLPJ (REF, M1, M2, DIFFIMG, curdisp);
updatedispimg (DIFFIMG, CURBESTERR, CURBESTDISP, ...);

}

44:3777
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void JHOGL!I | LPJ (int_array_t *ref, ...) {
int i, 9;

SUDJPD RPS SDUDOCHO | RU
SUDJPD OOF UHVXOW (&DIFFIMG(1,0), (COLS-2*curdisp))
for (1 = 0; 1 < ROWS + WINY; i++)
for (3 = 0; j < COLS - 2 * curdisp; J++) {
DIFFIMG (i, J) = SQR(REF (i, j) - M1l (i, j+curdisp)) +
SQR(REF (i, jJ) — M2 (i, j+2*curdisp));

} 7
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SunFire E15K. Multibaseline stereo. Image size = 500x500
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Multibaseline stereo. OpenMP parallelizing outer vs inner loop
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SunFire E15K. Multibaseline stereo. 16 iters.
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Beowulf Cluster. FFT Input signal size, N = 2”20 (float). Stereo image size: 500x500
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m Two applications from the CMU task parallel suite
have been implemented in C using //c and OpenMP

m Complete C sources for these implementations can
be obtained from

KWAS  QHUHLGD GHLRF XOO HV aOO&R03
Or you can play with them in the OMPab...

m We have shown that mixing task and data parallelism
IS a valuable property in the way of achieving
performance

m Extending the OpenMP model to clusters of
workstations is a very positive and desirable goal
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m An appealing property of /lc is that keeping the
simplicity of the OpenMP model, it can be targeted to
both shared and distributed memory architectures

m We think that setting up a common freely accessible
and non-proprietary standard benchmark suite should
be a positive step for the development of OpenMP

m This suite should be a tool for promoting discussion
and interchange of results for different issues that
require attention

m In this direction we think that the FFT and
multibaseline stereo algorithms are two candidates to
be considered
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mIn the near future we plan to measure the
performance of these applications using different
compilers, particularly those supporting nested
parallelism

Are there any candidates there?

m We want to test the applications on different
architectures

m We also plan to continue implementing the remaining
CMU task parallel suite applications using /lc and to
carry out the corresponding experiments
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