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Abstract

The General benchmark is one of the three programs in the parallel Space-Time
Adaptive Processing (STAP) benchmark suite, jointly developed by the University of
Southern California and MIT Lincoln Laboratory. This report provides an overview of
the parallelization of the General benchmark for the IBM SP2 massively parallel
processor. A user’s guide, which lists the files and procedures making up the parallel
General program as well as directions regarding the compilation and execution of the

parallel General benchmark, is provided.

This project was conducted between August 1994 and May 1995 by the
benchmark parallelization team at the University of Southern California: Kai Hwang,
Zhiwei Xu, and Masahiro Arakawa. Hwang served as the principal-investigator for the
entire project. Xu developed the parallelization strategies for all the STAP benchmarks.
Xu and Arakawa jointly developed the parallel code and collected performance
measurements. Arakawa documented the parallel benchmark programs as reported here.

This project was funded by the ARPA Mountaintop Program as a subcontract from MIT

Lincoln Laboratory.

The STAP benchmarks allow us to evaluate the performance of a particular
parallel computer for real-time digital radar signal processing by simulating the
computations necessary for STAP. Digital adaptive signal processing is the one
technology which has the potential to achieve thermal noise limited performance in the
presence of jamming (electronic counter-measures) and clutter (signal returns from land)

[Titi9%4]. A good description of the original General C source code can be found in

[LL94].



We used a single-program, multiple data stream (SPMD) approach to
parallelizing the benchmarks, directing each task to perform the same algorithm on
independent portions ol the data set. We added message-passing operations, such as
broadcast and total exchange, to redistribute data. Because of the high message-passing
overhead associated with the SP2, we adopted a coarse-grain strategy, minimizing the

number of internode communication operations in our parallel programs.

The General benchmark is designed to stress general signal-processing
computations, as well as test the data communication capabilities of the machine. This

benchmark performs the following steps:

1. Search and sort processing
FFT processing across each dimension of the data cube

Point-by-point vector multiplication along each dimension of the data cube.

AW

Miscellaneous linear algebra processing, including Cholesky factorization and
back substitution to solve a set of linear equations, and subsequent

beamforming (inner product).

Each of these steps is independent. We parallelized each of these steps in a

separate subprogram, and will therefore analyze each one separately.

Section 1 describes the computations performed in the General benchmark and its
implementation in the sequential version of the program. Section 2 describes the parallel
General benchmark on the SP2. Sections 3 through 6 contain the user’s guide to the
parallel program, listing the files and procedures making up the General program, as well

as directions regarding the compilation and excecution of the parallel benchmark.
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An overview of the Mountaintop Program can be found in [Titi94]. Descriptions
ol SP2 message-passing operations can be found in [IBM94b]. More information about
the message-passing performance of the SP2 can be found in [Xu95a]. Details of parallel
application code development can be found in [Xu95b]. Additional algorithm analysis
and performance results from this project can be found in [Arak95a, Hwan95a, Hwan95b,
Hwan95¢c]. The paper [Hwan95c] presents a comprehensive report on the STAP
benchmark performance results on the SP2. User’s guides for the parallel APT (Adaptive

Processing Testbed) and HO-PD (Higher-Order Post-Doppler) benchmarks can be found
in [Arak95b, Arak95c].
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1 Sequential General Program

L1  Sorting Subprogram

While analyzing the original sequential program, we developed a higher-level
program skeleton to help us visualize the structure of the benchmark. Program skeletons
are much shorter and simpler to understand than the complete code, while still displaying
all the control and data dependence information needed for parallelization. The key words
in, out, and inout are similar to those used in the Ada programming language, and
indicate that a subroutine parameter is read only, write only, or read/write, respectively.
The array index notation [ .] is used to indicate that all array elements along that
dimension are to be used. The program skeletons were adapted from [Hwan95c¢]. Below,
Figure 1.1 shows the program skeleton for the sequential sorting subprogram.

COMPLEX data_cube[DIM1] [DIM2] [DIM3], max_element;
float total[DIM1l], average[DIM1];

/* the SRCH substep */
for (i = 0; i < DIM1l; i++)
for (j = 0; j < DIM2; Jj++)
for (k = 0; k < DIM3; k++)
find_max(inout max_element, in data_cube(i][j][k]):

/* the SORT substep */
for (j = 0; j < DIM2; Jj++)
for (k = 0; k < DIM3 / 3; k++)

sort_and_total(inout total([.]), in data_cube[.][j1[k]);
for (i = 0; 1 < DIMI; i++)
average(i] = total[i] / (DIM2 * DIM3 / 3);

Figure 1.1: Sequential sorting subprogram skeleton

Not included in this program skeleton, but implicit to the program, is the data file
access step. In this step, the program reads the input data cube and the steering vectors

from disk. The input data cube is stored in a packed binary format; prior to use by the



program, it must be converted into floating-point format (see Figure 1.2). The steering
vectors consist of both primary and auxiliary stecring vectors, and are stored on disk in

ASCII format.

Data from disk: —® 0100101101110010 1100010010001101

packed binary format ! ’( L \ '
imaginary portion real portion
i convert to floating-point J
data.imag data.real

Figure 1.2: Packed binary format to floating-point format conversion

The subprogram first searches the entire data cube for the element with the largest
power magnitude. After this searching step, the subprogram performs DIM2 x DIM3 +3
DIMI-element bubble sorts. Also during this step, the subprogram calculates DIM]1

averages.
1.2 FFT Subprogram

We developed a program skeleton of the sequential subprogram while analyzing

the original FFT benchmark, shown below in Figure 1.3.
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COMPLEX data_cube [DIM1] (DIM2] [DIM3], doppler_cube [DIM1] [DIM2] [DIM3],
twiddle;
float max_element;

compute_twiddle_factor(out twiddle, in DOP_GEN) ;
/* Lthe FFT1 substep */
for (j = 0; j < DIM2; j++)

for (k = 0; k < DIM3; k++)
fft (in data_cube(.][j][k], in twiddle, out doppler_cube(.][j][k]);
/* the FFT2 substep */
for (i = 0; i < DIM1l; i++)
for (k = 0; k < DIM3; k++)
fft (inout doppler_cube([i][.][k], in twiddle);
/* the FFT3 substep */
for (i = 0; i < DIM1; i++)
for (j = 0; j < DIM2; J++)
fft (inout doppler_cube[i][j][.], in twiddle);
/* the SRCH substep */
for (i = 0; 1 < DIMLl; i++)
for (j = 0; j < DIM2; Jj++)
for (k = 0; k < DOP_GEN; k++)
find_max(inout max_element, in data_cube[i][j][k]);

Figure 1.3: Sequential FFT subprogram skeleton®

Not included in this program skeleton, but implicit to the program, is the input
data file access step. The program reads the input data cube and the vectors from disk

before any computation is done.

This subprogram performs FFTs along each of the three dimensions of the data
cube: DIM2xDIM3 DIMI1-point FFTs, then DIM1 xDIM3 DIM2-point FFTs, then
DIM1 x DIM2 DIM3-point FFTs. After the FFTs, the subprogram searches the entire data

cube for the element with the largest power magnitude.



1.3 Vector Multiply Subprogram

We developed a program skeleton of the sequential subprogram while analyzing

the original vector multiply benchmark, shown below in Figure 1.4.

COMPLEX data_cube[DIM1] [DIM2]([DIM3], vl1[DIM1l], v2[DIM2], v3[DIM3];
float max_elementl, max_element2, max_element3;

/* the VEC1 substep */
for (j = 0; j < DIM2; J++)
for (k = 0; k < DIM3; k++)
vec_multiply and_max(in data_cube[.][j](k], in V1,
inout max_elementl) ;
/* the VEC2 substep */
for (i = 0; i < DIM1; i++)
for (k = 0; k < DIM3; k++)
vec_multiply and_max(in data_cube(i][.][k], in V2,
inout max_element2) ;
/* the VEC3 substep */
for (i = 0; i < DIM1l; i++) .
for (j = 0; j < DIM2; j++) *
vec_multiply_and_max(in data_cube([i](j][.], in V3,
inout max_element3) ;

Figure 1.4: Sequential vector multiply subprogram skeleton

Not included in this program skeleton, but implicit to the program, is the input

data file access step. The program reads the input data cube and the vectors from disk

before any computation is done.

The subprogram performs three sets of vector multiplications. First, the
subprogram multiplies vectors along the DIM1 dimension of the input data cube by the
input vector V1. Then, the subprogram multiplies vectors along the DIM2 dimension of
the input data cube by the input vector V2. Finally, the subprogram multiplies vectors

along the DIM3 dimension of the input data cube by the input vector V3. During each set



ol multiplications, the subprogram searches for the element with the largest power

magnitude.
1.4  Linear Algebra Subprogram

We developed a program skeleton of the sequential subprogram while analyzing
the original linear algebra benchmark, shown below in Figure 1.5.
COMPLEX data_cube[DIM1] [DIM2] [DIM3], temp_mat[V4][COLS], weight_wvec[V4],

beams [NUM_MAT] [DIM3] ;
float max_element;

for (j = 0; j < NUM_MAT; j++)
{
CHOL (in data_cube[.][j][.], out temp_mat);
SUB (in temp_mat, out weight_wvec);

BF (in weight_vec, in data_cube[.][j][.], out beams([.][31[.1);
SRCH (in beams[.][jJ][.], out max_element);

Figure 1.5: Sequential linear algebra subprogram skeleton

Not included in this program skeleton, but implicit to the program, is the input
data file access step. The program reads the input data cube and the vectors from disk

before any computation is done.

The subprogram first computes NUM_MAT number of Cholesky factors using
the first NUM_MAT number of DIM1 x DIM3 matrices from the input data set. Then, the
subprogram forward and back solves these Cholesky factors using the vector V4 as a
steering vector to generate NUM_MAT number of weight vectors. These weight vectors
are applied to their corresponding DIM1xDIM3 matrices from the input data cube to
generate NUM_MAT number of output beams of length DIM3. The subprogram also

searches for the clement with the largest magnitude in each output beam.



2 Parallel General Program Development

In parallelizing the General program, we adopted the method described in

[Xu95b]. This method (see Figure 2.1), which entails an early MPP performance

prediction scheme, significantly reduced the parallel software development cost

Afplication Specifications

j
—"( Algorithm Design ) ( Workload Characterization )
1

|
Y
unsatisfactory ( Performance Prediction )“—( Overhead Estimation )
] salisfalclory
MPP Hardware Platform and
4_.( Coding ) Software Environment
erroneous ( Debugging )

I correct |

unsatisfactory

‘ Performance Mcasurcments)

L]
I satisfactory

@arallel Code Documcmation)

Figure 2.1: Early performance prediction based on workload and overhead

characterization

During the algorithm design phase of the parallel program development, we

considered several parallelization strategics [Hwan95c¢]. The nature of the algorithm in

the General program made the simple compute-interact paradigm sufficient. In this

paradigm, the parallel program is writlen as a sequence of alternating computation and
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interaction steps. During a computation step, cach task performs computations
independently. During an interaction step, the tasks exchange data or synchronize. Each
of the four subprograms in the General benchmark can be described as a sequence of

compute-interact steps.

2.1 Sorting Subprogram

The sorting subprogram can be described as the following sequence of compute-

interact steps:

Compute: Search data cube slice for local maximum
Interact: Reduce to find global maximum
Compute: Bubble sort data cube slice

Search data cube slice for local maximum

Interact: Reduce to find global maximum

The mapping of the parallel algorithm and the data set onto the SP2 is shown in

Figure 2.2.
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Figure 2.2: Mapping of the parallel sorting subprogram and data set onto the SP2

To help illustrate the structure of the parallel sorting subprogram, I have included

the program skeleton in Figure 2.3.



COMPLEX data_cube[DIM1] [DIM2] [DIM3];
float total[DIM1], average [DIM1] ;
struct ( float power; int lecl, loc2, loc3; }
max_element ;
parfor (p = 0; p < n; pPt++)
{
COMPLEX local_max;
float local_ total [DIM1];

/* the SRCH substep */
for (i = 0; i < DIML; i++)
for (j = 0; j < DIM2; j++)
for (k = p; k < DIM3; k = k + n)
find_max {(inout local_max, in data_cube(i][j]1[k]);

reduce local_maxs to max_element;

/* the SORT substep */
for (§ = 0: § = DIMB: Hus)
for (k = p; k < DIM3 / 3; k = k + n)

sort_and_total (inout local_total[.], in data_cube[.][j](k]);
}

reduce local_totals to total;

Figure 2.3: Parallel sorting subprogram skeleton

At the beginning of the parallel subprogram, éach task reads its portion of the data
cube from disk in parallel. In order to improve disk access performance, we modified the
read_input_SORT_FFT procedure (see Appendix) so each task reads its entire slice
of the data cube from disk before converting the data from a packed binary format (in
which the data is stored on disk) to floating-point format (in which computations are
done). In the sequential version, each complex number is read then converted
immediately. Because the execution time of this step is not included in the total execution
time of the parallel program, the performance of this step is not critical: the timer is

started after the data is loaded and converted.

First, each task searches its slice of the data cube to find the element with the

largest power magnitude. To find the global maximum, we perform the MPL call

9



mpc_reduce. Because we need to keep track of the location of the element along with
its power, we created the INDEXED_MAX data structure. By placing the coordinates of
the maximum clement in a single data structure along with the power, we can let the
mpc_reduce call handle the entire global maximum search operation, thus improving

program performance.

Each task then bubble sorts its slice of the data cube along the DIM1 dimension.
The subprogram also accumulates the local total during the bubble sorts. To find the

global totals, we again use the MPL mpc_reduce call.

In our implementation, we combined the sorting and FFT subprograms into one

subprogram.

2.2  FFT Subprogram

The FFT subprogram can be described as the following sequence of compute-

interact steps:

Compute: First and second set of FFTs
Interact: Total Exchange

Compute: Third set of FFTs
Search data cube slice for local maximum

Interact: Reduce to find global maximum

The mapping of the parallel algorithm and the data set onto the SP2 is shown in

Figure 2.4.
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Figure 2.4: Mapping of the parallel FFT subprogram and data set onto the SP2

To help illustrate the structure of the parallel FFT subprogram, I have included the

program skeleton in Figure 2.5.



COMPLEX data_cube[DIM1] [DIM2] [DIM3], doppler_cube[DIM1] [DIM2] [DIM3],
twiddle [DOP_GEN] ;
float local_max, max_element;

parfor (k = 0; k < DIM3; k++)
{
compute_twiddle_factor (out twiddle, in DOP_GEN) ;

/* the FFT1 substep */
for (j = 0; j < DIM2; Jj++)
fft (in data_cube[.]([j]l[k], in twiddle,
out doppler_cube[.][Jj][k]);

/* the FFT2 substep */
for (i = 0; i < DIMLl; i++)
fft (inout doppler_cube[i][.][k], in twiddle);
}

total_exchange doppler_cube[.][.][k] to doppler_cube(.]([j][.];

parfor (j = 0; j < DIM2; J++)
{

/* the FFT3 substep */
for (i = 0; 1 < DIM1; i++)

fft (inout doppler_cube[i][j][.], in twiddle):
}

/* the SRCH substep */
parfor (k = 0; k < DOP_GEN; k++)
{
COMPLEX local_max;
for (i = 0; 1 < DIM1l; i++)
for (j = 0; j < DIM2; j++)
find_max (inout local_max, in doppler_cube(i][j][k]);

}

reduce local_maxs to max_element;

Figure 2.5: Parallel FFT subprogram skeleton

Like the sorting subprogram, the FFT subprogram loads the data cube from disk

in parallel prior to any computation.

The FFT subprogram begins by performing DIM2 xDIM3 DIMI-point FFTs.
Each task performs these FFTs along the DIM1 dimension on its slice of the data cube in

parallel. Next, each task performs FFTs along the DIM2 dimension in parallel.
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Belore the third set of FFTs can be performed, the subprogram must perform a
total exchange operation. This data redistribution is necessary because each task loads a
slice of data from the disk which has all the elements along the DIM1 and DIM?2
dimensions but only a fraction of the elements along the DIM3 dimension, and this last

set of FFTs is performed along the DIM3 dimension.

After the last set of FFTs are performed, each task searches its data cube slice for
the element with the largest magnitude. As was done in the sorting subprogram, an

mpc_reduce call is used to find the global maximum.

2.3  Vector Multiply Subprogram

The vector multiply subprogram can be described as the following sequence of

compute-interact steps:
Compute: First set of vector multiplications
Search data cube slice for local maximum
Interact: Reduce to find global maximum

Compute: Second set of vector multiplications
Search data cube slice for local maximum

Interact: Reduce to find global maximum
Total exchange

Compute: Third set of vector multiplications
Search data cube slice for local maximum

Interact: Reduce to find global maximum

The mapping of the parallel algorithm and the data set onto the SP2 is shown in

Figure 2.6.
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Figure 2.6: Mapping of the parallel vector multiply subprogram and data set onto the SP2

To help illustrate the structure of the parallel vector multiply subprogram, I have

included the program skeleton in Figure 2.7.



parfor (k = 0; k < DIM3; k++)
{

/* the VECl substep */
for (j = 0; j < DIM2; j++)
vec_multiply_and_max(in data_cube[.][j][k], in V1,
inout local_max) ;
reduce local_maxs to max_elementl;
/* the VEC2 substep */
for (i = 0; i < DIML; i++)
vec_multiply and_max(in data_cube[i][.][k], in V2,

inout local_max) ;
reduce local_maxs to max_element?;

}

total exchange data_cube[.][.][k] to doppler_cube[.][j]1[.];

parfor (j = 0; j < DIM2; j++)
{

/* the VEC3 substep */
for (i = 0; i < DIM1l; i++)
vec_multiply_and_max(in data_cube[i][j][.], in V3,
inout local_max) ;
reduce local_maxs to max_element3;

)

=

Figure 2.7: Parallel vector multiply subprogram skeleton

Like the sorting and FFT subprograms, the vector multiply subprogram loads the

data cube from disk in parallel prior to any computation.

First, the subprogram performs DIM2xDIM3 DIMIl-element vector
multiplications. After these multiplications, each task searches its data cube slice for the
element with the largest magnitude, then aggregates the local maximums into a global
maximum using the mpc_reduce operation. Next, the subprogram performs vector

multiplications along the DIM2 dimension, and finds the global maximum again.

Before vector multiplications can be done along the DIM3 dimension, the

subprogram must perform a total exchange operation to redistribute the data cube. This

15



operation is necessary because, prior Lo the total exchange, each task only has part of the
data cube along the DIM3 dimension. After this data redistribution, each task can perform
the vector multiplications on its portion of the data cube along the DIM3 dimension, and

find the global maximum.
2.4  Linear Algebra Subprogram

The linear algebra subprogram consists of only one computation step, and no
interaction steps. As such, the only difference between the sequential and parallel
subprograms is the fact that each task in the parallel subprogram- performs the linear

algebra steps on only a slice of the data cube.

3  The Parallel General Code

The parallel program has been divided into the following files, listed below by

subprogram:

Sorting & FFT
bench_mark_ SORT.c main () for sorting only
bench_mark SORT_FFT.c  main () for sorting and FFT
bubble_sort.c bubble_sort ()
cmd_line.c cmd_line ()
fft.c £ft (), bit_reverse ()
read_input_SORT_FFT.c read_input_SORT_FFT ()

Vector Multiply
bench_mark_VEC.c main () for vector multiply
cmd_line.c cmd_line ()
read_input_VEC.c read_input_VEC ()

16



Linear Algebra

bench_mark LIN.c main () for lincar algebra
cmd_line.c cmd_line ()

forback.c forback ()

house.c house ()
read_input_LIN.c read_input_LIN ()

The purpose of each procedure is briefly described below:

Sorting & FFT

bench_mark_SORT () This procedure represents the body of the
parallel sorting subprogram.

bench_mark_sORT_FFT () This procedure represents the body of the
parallel sorting and FFT subprograms.

bubble_sort () This procedure performs a bubble sort, and
also calculates the average value of the sorts.
The data is sorted by the magnitude of the
power.

cmd_line () This procedure extracts the names of the

data file and the vector file from the
command line .

£t () This procedure performs a’single n-point in-
place decimation-in-time complex FFT
using n/2 complex twiddle factors. The
implementation used in this procedure is a
hybrid between the implementation in the
original sequential version of this program
and the implemented suggested by MHPCC.
This modification was made to improve the
performance of the FFT on the SP2.

bit_reverse () This procedure performs a simple but
somewhat inefficient bit reversal. This
procedure is used by ££t ().

read_input_gORT_FFT () This procedure reads the node’s slice of the
data cube from disk, then converts the data
from the packed binary integer form in
which it is stored on disk into floating-point

format.
Vector Multiply
bench_mark_VEC () This procedure represents the body of
parallel vector multiply subprogram.
cmd_line () This procedure extracts the names of the

data file and the vector file from the
command line.

17



read_input_VEC () This procedure reads the node’s slice of the
data cube from disk, then converts the data
from the packed binary integer form in
which it is stored on disk into floating-point

format.
Linear Algebra
bench_mark_LIN () This procedure represents the body of
parallel linear algebra subprogram.
cmd_line () This procedure extracts the names of the

data file and the vectors file from the
command line.

forback () This procedure performs a forward and back
substitution on an input array using the
steering vectors, and normalizes the returned
solution vector.

house () This procedure performs an in-place
Householder transformation on a complex
N xM input array, where M = N. The results
are returned in the same matrix as the input
data.

read_input_LIN () This procedure reads the node’s slice of the
data cube from disk, then converts the data
from the packed binary integer form in
which it is stored on disk into floating-point
format. -

Figures 3.1 through 3.4 show the calling relationship between the procedures for

the subprograms.

@nch_mark_SORﬂ

crd_line Qead_input_SORT_FF@ (bubbleksora

Figure 3.1: Calling relationship between the procedures in the parallel sorting

subprogram
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Cben ch_mark_SORT_FFT)

cmd_line @ad_inpu t_SORT_FFT) @ubbl e_sort ) ( g i )

(bit_revera

Figure 3.2: Calling relationship between the procedures in the parallel sorting and FET

subprogram

( bench_m:ark_VEC )

(cmd_l ine ) (read_input_VEC )

Figure 3.3: Calling relationship between the procedures in the parallel vector multiply

subprogram

(bench___mark_LIN)

Gmd_l ine ) @aac}_input_LINj Chous @ ) Cforback)

Figure 3.4: Calling relationship between the procedures in the parallel linear algebra

subprogram

The complete code listings for the IBM SP2 can be found in the Appendix.
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4  The General Data Files

The data set for the General benchmark is a DIM1 xDIM2xDIM3 cube.
Nominally, DIM1 = 64, DIM2 = 128, and DIM3 = 1536. On disk, this data file is 96 MB.

The original input data cube file gen_data.dat has been reordered and saved
in several versions. Each of these reorderings are designed to optimize the process of
reading the data cube from disk in parallel. The parallel vectors file is identical to the

original vectors file gen_data.str.
S Compiling the Parallel General Program

The individual subprograms which comprise the parallel General benchmark:
sorting and FFT, vector multiply, and linear algebra, are compiled by calling the script
files compile_SORT_FFT, compile_ VEC, and compile_LIN, respectively. The

script files execute the following shell commands:

compile_ SORT FFT:

mpcc -03 -garch=pwr2 -DGEN -DIBM -o gen bench_mark_SORT _FFT.c
bubble_sort.c emd_line.c fft.c read_input_SORT _FFT.c -1lm

compile_VEC:

mpcc -03 -garch=pwr2 -DGEN -DIBM -o vec bench_mark_VEC.c
cmd_line.c read_input_VEC.c -1lm

compile LIN:

mpcec -03 -garch=pwr2 -DGEN -DIBM -o lin bench_mark_ LIN.c
cmd_line.c forback.c house.c read_input_LIN.c -1m

The ~garch=pwr2 option directs the compiler to generate POWER2-efficient code.

The -03 option selects the highest level of compiler optimization available on the mpcc
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parallel C code compiler. The define flag -DGEN must be included so that the compiler
selects the proper data cube dimensions in the defs.h header file. The define flag
-DIBM must be included so that the compiler can set the number of clock ticks per
second (100 ticks per second on IBM machines, 60 ticks per second on SUN machines).
To compile the program to use double-precision floating-point numbers instead of the

default single-precision, add the define flag - DDBLE.

Prior to compiling the program, the user must set the number of nodes on which
the program will be run. This number is defined as NN in the header file defs . h. This
step is necessary because it is not possible to statically allocate arrays with their sizes
defined by a variable in C. We have provided a set of header files with NN set to powers

of two from 1 to 256. These header files are called defs. 001 through defs.256.

6 Running the Parallel General Program‘

The parallel General benchmark is invoked by calling the script file run . ###,
where ##4# is the number of nodes on which the program will be run (and is equal to NN

in defs .h). This script file executes the following shell command:

poe program_name data_filename -procs ### -us

The argument program_name is the name of the subprogram to be run: gen (for the
sorting and FFT subprogram), vec (for the vector multiply subprogram), and 1in (for
the linear algebra subprogram). The command poe distributes the parallel executable file
to all nodes and invokes the parallel program. The command line argument
data_filename is the name of the files containing the input data cube and the vectors.
The input data cube file must have the extension . dat, while the vectors file must have
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the extension . str. The command line arguments -procs and -us are flags (o poe.
The flag -procs sets the number of nodes on which the program will be run. The flag
-us directs poe (o use the User Space communication library. This library gives the best
communication performance. We have provided a set of script files to run the General
benchmark, with the number of nodes equal to powers of two from 1 to 256. These files

are called run.001 through run.256.

The subprograms in the General benchmark do not have any real outputs;
however, to confirm the correctness of the parallel algorithms, the program displays
intermediate results on the screen. In addition, timing reports are displayed on the screen.
Timing reports from the sort and FFT subprogram, the vector multiply subprogram, and

the linear algebra subprogram are shown in Figures 6.1 through 6.3, respectively.

In Figures 6.1 through 6.3, the timing entries ending with _user_ max represent
the largest amount of user CPU time spent by a nodé while performing that step, while
the timing entries ending with _sys_max represent the largest amount of system CPU
time spent by a node while performing that step. The Wall clock timing entries
indicate the amount of wall clock time spent on a given step, regardless of whether the

time was spent by the program or by other programs.
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$*** CPU Timing information - numtask = 128

all_user_max
disk_user_max
maxl_user_max
before_user_max
sort_user_max =

.38 s, all_sys_max 0.06 s

.10 s, disk_sys_max = 0.02 s

.02 s, maxl_sys_max = 0.00 s
0.01 s, before_sys_max = 0.00 s
.75 s, sort_sys_max = 0.00 s
sort_total_user_max = 0.02 s, sort_total_sys_max = 0.00 s
fftl _user_max = 0.10 s, fftl_sys_max .00 s
fft2 user_max = 0.19 g, fft2_sys_max .01 s
fft3_user_max = 0.19 s, fft3_sys_max .01 s
index_user_max = 0.17 s, index_sys_max 0.00 s
max2_user_max = 0.02 s, max2_sys_max .01 s
after_user_max = 0.01 s, after_sys_max 0.00 s

Sl oM

nonon
N ol oo o

all_wall = 2529295 us
task_wall = 502 us
disk_wall
maxl_wall
before_wall
sort_wall
sort_total _wall
fftl_wall

fft2 wall
£ft3_wall

1]

1631067 us

328532 us

3375 us

165641 us

12129 us

110256 us

199256 us

215477 us )

index_wall 171785 us ' -
max2_wall ‘32516 us :
after_wall = 10493 us

nouwonounonn

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0:
D:*** Wall Clock Timing information - numtask = 128
0:
0
0
0
0
0
0
0
0
0
0
0
0
0

Figure 6.1: Timing report from the parallel sort and FFT subprogram

0:*** CPU Timing information - numtask = 128

0:

0: all_user_max = 1.96 s, all_sys_max = 0.05 s
0: disk_user_max = 0.29 s, disk_sys_max = 0.05 s
0: wvecl_user max = 8084644.00 s, vecl_sys_max = 8084547 .00 s
0: wecZ_user_max = 0.77 s, vec2_sys_max = 0.00 s
0: wvec3_user_max = 0.06 s, vec3_sys_max = 0.00 s
0: index_user_max = 0.17 s, index_sys_max = 0.00 s
0:

0:*** Wall Clock Timing information - numtask = 128

0:

0: all_wall = 2156784 us

0: task_wall = 507 us

0: disk_wall = 1876482 us

0: wvecl_wall = 1450517 us

0: wvec2_wall = 58877 us

0: wecl3_wall = 50551 us

0: index_wall = 182361 us

Figure 6.2: Timing report from the parallel vector multiply program
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all_user_max
disk_user_max
lin_user_max

all_wall
task_wall
disk_wall
lin_wall

1nn

:*** CPU Timing information - numtask = 16

7.13 s, all_sys_max = 0.13 s
0.36 s, disk_sys_max = 0.13 =
6.82 s, lin_sys_max = 0.01 s

:¥**% Wall Clock Timing information - numtask = 16

7440370 us
30867 us
1766285 us

5566332 us

Figure 6.3: Timing report from the parallel linear algebra program

The steps we timed are listed below:

sort and FFT subprogram:

all

disk

maxl

before

sort

sort_total

££E1

ffe2

££t3

index

max2

after

This component is the end-to-end execution time of the
entire subprogram. This time is not equal to the sum of
the times of the other steps, because this all time
includes time spent waiting for synchronization not
included in the individual steps.

This component is thie time to read the node’s portion of the
data cube from disk. .

This component is the time spent searchmg the local
portion of the data cube for the largest element.

This component is the time spent performing a reduction
operation to find the global maximum.

This component is the time spent performing bubble sorts
on the local portion of the data cube.

This component is the time spent performing a reduction
operation to collect the totals from all the nodes.

This component is the time spent performing the first FFT
step.

This component is the time spent performing the second
FFT step.

This component is the time spent performing the third FFT
step.

This component is the time spent performing the total
exchange operation.

This component is the time spent searching the local
portion of the data cube for the largest element after the
FFTs.

This component is the time spent performing a reduction
operation to find the global maximum.



vector multiply subprogram:
all This component is the end-to-end execution time of the
entire subprogram. This time is not equal to the sum of
the times of the other steps, because this all time
includes time spent waiting for synchronization not
included in the individual steps.

disk This component is the time to read the node’s portion of the
data cube from disk.

vecl This component is the time spent performing the first
vector multiply step.

vec2 This component is the time spent performing the second
vector multiply step.

vecs This component is the time spent performing the third
vector multiply step.

index This component is the time spent performing the total

exchange operation.

linear algebra subprogram:
all This component is the end-to-end execution time of the
entire subprogram. This time is not equal to the sum of
the times of the other steps, because this all time
includes time spent waiting for synchronization not
included in the individual steps.

disk This component is the time to read thc node s portion of the
data cube from disk.
lin This component is the time spent performing all the linear

algebra computation steps.

The time spent in these steps (7,..;> Ty €tc.) are combined to determine the

total execution time of the individual parallel General subprograms:

T emanin = Touei* Tyons ¥ Tigarr ¥ T iy (6.1)
Tm_exccun'an Tfﬂ] + Tmz ma ¥ Tindie ¥ T i Tafrcr (6.2)
vee_sseation: = 1 veet ¥ Tgon ¥ Tonsra ¥ T (6.3)

Ly _exvetition — T, (6.4)
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The sort subprogram’s workload consists of 1.18 billion floating-point operations.
The FFT subprogram’s workload consists of 1.91 billion floating-point operations. The
vector multiply subprogram’s workload consists of 0.60 billion floating-point operations.
The lincar algebra subprogram’s workload consists of 1.60 billion floating-point
operations. By dividing the individual workloads by the corresponding total execution

time, we can calculate the sustained floating-point processing rate:

Floating-point workload
T

execution

Sustained Processing Rate = (6.2)

We define the system efficiency as the ratio between the sustained processing rate

and the peak processing rate:

Sustained Processing Rate
Peak Processing Rate  *

System Efficiency = (6.3)

As was the case in the APT and HO-PD programs, we used both the CPU time
and the wall clock time to more accurately measure the execution time of each step. To

write these reports to a file, use standard UNIX output redirection:
run. ### > out_filename
Both the parallel C source code and the data files have been stored on tape.
Specifically, we archived them using the following UNIX command:
tar cvf /dev/rst8 commented

where commented is the name of the directory in which all the files are stored. The files

can be extracted from the tape using the following UNIX command:
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tar xvf /dev/rst8

The device specification (/dev/rst8) is machine specific.
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Appendix Parallel General Code

The parallel code for the General benchmark, along with the script to compile and

run the parallel General program, are given in this appendix.

A Sorting and FFT Subprogram

A.1.1 bench_mark _SORT.c

/-lr

*

bench_mark_SORT.c

*f

/*

*

%

O S T I S T S R R R R N R U RN NS O VR 3

Parallel General Benchmark Program for the IBM SP2

This parallel General benchmark program was written for the IBM SP2 by the
STAP benchmark parallelization team at the University of Southern
California (Prof. Kai Hwang, Dr. Zhiwei Xu, and Masahiro Arakawa), as

part of the ARPA Mountaintop program. ' '

The sequential General benchmark program was originally written by Tony
Adams on 8/30/93.

This file contains the procedure main (), and represents the body of the
General Sorting subprogram.

This subprogram's overall structure is as follows:

1. Load data in parallel.

2. Each task searches its slice of the data cube for the largest element.

3. Perform a reduction operation to find the largest element in the
entire data cube.

4. Each task sorts its slice of the data cube along the DIM1 dimension.

5. Collect the totals calculated in the bubble sort operation using a
reduction operation.

This program can be compiled by calling the shell script compile_sort.
Because of the nature of the program, before the program is compiled, the
header file defs.h must be adjusted so that NN is set to the number of
nodes on which the program will be run. We have provided a defs.h file for
each power of 2 node size from 1 to 256, called defs.001 to defs.256.

This program can be run by calling the shell script run.i###, where ### is
the number of nodes on which the program is being run.

Unlike the original sequential version of this program, the parallel General
program does not support command-line arguments specifying the number of
times the program body should be executed, nor whether or not timing
information should be disgplayed. The program body will be executed once,

and the timing information will be displayed at the end of execution.

The input data file on disk is stored in a packed formal: Each complex
number is stored as a 32-bit binary integer; the 16 LSBs are the real
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.
*
*
.
3
*

hall of the number, and the 16 MSBS are the imaginary half of the number.

These numbers are converted into floating peint numbers usable by this
benchmark program as they are loaded from disk.

The steering vectors [ile has the data stored in a different tashion. All
data in this file is stored in ASCII formal. The first two numbers in this

file are the number of PRIs in the data set and the phreshold 1eve},
respectively. Then, the remaining data are the steering vectors, with
alternating real and imaginary numbers.

/

ffinclude "stdio.h"
fiinclude "math.h"
ffinclude "defs.h"

#i
i

nclude <sys/types.h>
nclude <sys/times.h>

#finclude <mpproto.h:>

#i
#i

/t
*
*
*
*

nclude <sys/time.h>
nclude <time.h>

main ()
inputs: argc, argv
outputs: none

i

main (argc, argv)

=
L S S S R TR S S S . T A S T SN NNE SHEE SN GNNE CREE U S SR SV RS N

~

int argc;
char *argv(];

Variables

data_cube: input data cube .

tl, t2: holder for the time function return in seconds

diml, dim2, dim3: dimensions 1, 2, and 3 in the input data cube

locl, loc2, loec3: holders for the location of the maximum entry

temp: buffer for binary input integerdata

f_templ, f_temp2: holders for float data

f_pwr: holder for float power data

i, i, k, n, offset, r: loop counters

max: float variable to hold the maximum of complex data

index_max, g_index_max: data structures with the location and power of the
largest element (locally and globally, respectively)

data_name, str_name: the names of Lhe files containing the input data cube
and the vectors, respectively

totals: holders for DIMl totals

global_totals: holders for global DIM1 totals

logpoints: log base 2 of the number of peints in the FFT

sum: a COMPLEX variable to hold the sum of complex data

points: number of points in the FFT

pix2: pi x 2 (2 x 3.14159)

pi: pi (3.14159)

X: storage for temporary FFT vector

w: storage for twiddle factors table

blklen: block length

rc: return code from an MPL call

taskid: identifier for this task

numtask: the number of tasks running this program

nbuf: a buffer to hold data returned by the mpc_task_gquery call

allgrp: an identifier for the group encompassing all tasks running this
program

source, dest, type, nbytes: used by point-to-point communications

COMPLEX data_cube[DIM2] [DIM1] [DIM3];
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struct btms £1,t2;

int dimi DIM1 ;

int dim2 = DIM2;

int dim3 = DIM3;

int locl, lec2, loc3;
unsigned int temp(1];
[leatl [_templ, [_temp2;
[loat f_pwr;

int i, j, k, n, offset, r;
float max;

INDEXED_MAX index_max([1], g_index_max([1];
char data_name [LINE_MAX] ;
char str_name[LINE_MAX];
FILE *fopen();

FILE *f_dop;

float totals[DIM1];

float global_totals[DIM1];
int logpoints;

COMPLEX sum;

int points = DOP_GEN;
float pix2, pi;

static COMPLEX * [DOP_GEN] ;
static COMPLEX w[DOP_GEN] ;
int blklen;

int rec;

int taskid;

int numtask;

int nbuf(4];

int allgrp;

int source, dest, type, nbytes;

/*
* Timing variables
*f

|

struct timeval tv0, tvl, tv2;
struct tms all_start, all_end;
float all_user, all_sys;

float all_user_max, all_sys_max;
float all_wall, task_wall;

struct tms disk_start, disk_end;
float disk_user, disk_sys;

float disk_user_max, disk_sys_max;
float disk_wall, disk_wall_max;

struct tms maxl_start, maxl_end;
float maxl_user, maxl_sys;

float maxl_user_max, maxl_sys_max;
float maxl_wall, maxl_wall_max;

struct tms max2_start, max2_end;
float max2_user, max2_sys;

fleoat max2_user_max, max2_sys_max;
float max2_wall, max2_wall_max;

struct tms before_start, before_end;
float before_user, before_sys;

float before_user_max, before_sys_max;
float before_wall, before_wall_max;

struct tms sort_start, sort_end;
float sort_user, sort_sys;

float sort_user_max, sort_sys_max;
float sort_wall, sort_wall_max:;

struct tms sort_total_start, sort_total_end;

float sort_total_user, sort_total_sys;
float sort_total_user_max, sort_total_sys_max;
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/*
*

*

~
*

H W % ¥ % ¥ * *

float sort_total_wall, sort_total_wall_max;

struct Lms index_start, index_end;
Iloat index_user, index_sys;

float index_user_max, index_sys_max;
float index_wall, index_wall_max;

struct tms ffrtl_start, fftl_end;
float fftl_user, fftl_sys;

float fftl_user_max, [ftl_sys_max;
float fftl_wall, fftl_wall_max;

struct tms f{ft2_start, £ft2_end;
float fft2 user, fft2_sys;

float fft2_user_max, fft2_sys_max;
float fft2 _wall, f£ft2_wall_max;

struct tms fft3_start, fft3_end;
float fft3_user, Eft3_sys;

float fft3_user_max, fft3_sys_max;
float fft3_wall, fft3_wall max;

struct tms after_start, after_end;
float after_user, after_sys;

float after_user max, after_sys_max;
float after_wall, after_wall_max;

Externally defined functions.
/

extern void cmd_line(): '

extern void read_input_SORT_FFT(); ]
extern void bubble_sort();

extern void fft();

Begin function body: main ()

Initialize for paralle processing: Here, each task or node determines its
task number (taskid) and the total number of tasks or nodes running this
program (numtask) by using the MPL call mpc_environ. Then, each task
determines the identifier for the group which encompasses all tasks or
nodes running this program. This identifier (allgrp) is used in collective

communication or aggregated computation operations, such as mpc_index.
/

gettimeofday (&tv0, (struct timeval*)0); /* before time */
rYc = mpc_environ (&numtask, &taskid);
if (fe == -1)

{

printf ("Error - unable to call mpc_environ.\n");
exit (-1);
}

if (numtask != NN)
(
if (taskid == 0)
(
printf ("Error - task number mismatch... check defs.h.\n");
exit (-1);
}
]

rc = mpc_task_query (nbuf, 4, 3);

if (rc == -1)
{
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printf ("Error - unable to call mpe_task_guery.\n");
exit (-1}
}

allgrp = nbuf[3];

if (taskid == 0)
{
printf ("Running...\n"};
)
gettimeofday (&tv2, (struct Limeval*)0);

task_wall = (float) (tv2.tv_sec - Lv0.tv_sec)
- tv0D.tv_usec;

/* before time */
* 1000000 + tv2.tv_usec

times (&all_start);

Get arguments from command line. In the sequential version of the program,
the following procedure was used to extract the number of times the main
computational body was to be repeated, and flags regarding the amount of
reporting to be done during and after the program was run. In this paralle

program, there are no command line arguments to be extracted except for the
name of the file containing the data cube.

® o4 o % ¥ ¥ *

cmd_line (argc, argv, str_name, data_name);
/*

* Read input files. In this section, each task loads its portion of the data
* cube from the data file.

*/

if (taskid == 0)
[
printf (* loading data...\n");

mpc_sync (allgrp);

times (&disk_start);

gettimeofday (&tvl, (struct timeval*)0); /* before time */
read_input_SORT_FFT (data_name, data_cube);

gettimeofday (&tv2, (struct timeval*)0); /* after time */

disk_wall = (float) (tv2.tv_sec - tvl.tv_sec) * 1000000 + tv2.tv_usec
- tvl.tv_usec;

times (&disk_end);

I ‘
* Start SORT Steps. Find the element with the largest magnitude in this

* task's slice of the data cube.
L¥

if (taskid == 0) .
printf ("Finding maximum COMPLEX entry in data_cube before FFT \n");

times (&maxl_start);

gettimeofday (&tvl, (struct timeval*)0); /* before time */
max = 0.0;

for (i = 0; i < diml; i++)
for (j = 0; J < dim2; j++)

for (k = 0; k < dim3; k++)

{
f_templ = _ ].geal;
f_tempZ = data_cube(jl[i)[k].imag;
[_pwr = [_templ*{_templ + f_temp2*f_temp2;
if (f_pwr > max)

{
max = f[_pwr;

data_cube(j][i) [k
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locl=1i;

loc2=j;
loc3=k;
)
}
/! — .
* printf(“task %d finds max %f at %d %d %d\n",
* taskid, max, locl, loc2, loc3);
i/
index_max([0].value = max;
index_max([0].locl = locl;
index_max[(0].loc2 = locc2; ‘
index_max[0].loc3 = loc3 + taskid * dim3;
gettimeofday (&tv2, (struct timeval*)0); /* after time */

maxl_wall = (fleoat) (tvZ.tv_sec - tvl.tv_sec) * 1000000 + tv2.tv_usec
- tvl.tv_usec;

times (&maxl_end) ;

/*

* Now aggregate to get the global maximum (the largest element in the entire
* data cube).

4

mpc_sync (allgrp);
times (&before_start);
gettimeofday (&tvl, (struct timeval*)0); /* before time */
rc = mpc_reduce (index_max, g_index_max, sizeof (INDEXED_MAX), 0,
xu_index_max, allgrp);
if (rc == -1)
{
printf ("Error - unable to call mpc_reduce.\n");
exit (-1);
}
gettimeofday (&tv2, (struct timeval*)0); /* after time */

before_wall = (float) (tv2.tv_sec - tvl.tv_sec) * 1000000 + tv2.tv_usec
- tvl.tv_usec;
times(&before_end);

~

if (taskid == 0 )
{
max = g_index_max([0]).value

locl = g_index_max[0].locl ;
loc2 = g_index_max[0].loc2 ;
loc3 = g_index _max(0].loc3 ;

printf ("TIME: finding max before FFT = %f user secs and %f sys secs\n®,
USERTIME (t1,t2), SYSTIME(tl,t2) );

printf ("POWER of max COMPLEX entry before FFT = &f \n", max});

printf ("LOCATION of max entry before FFT = %d %d %3 \n", locl,loc2, loc3);

ft
* SORT DIM1 of data_cube DIM2*DIM3/3 times and output DIM1 average values.
* DIM3 must be divisible by 3 to give a whole number dimension.

L
if (taskid == 0)
printf("Sort %d element vectors %d*%d times. Qutput %d averages\n*,
DIM1, DIM2, DIM3/3, DIM1 );
times (&sort_start);

gettimeofday (&tvl, (struct timeval*}0); /* before time */

A-6



bubble_sort (data_cube, Lotals);

getltimeolday (&Lv2, (struct Cimeval*)0): /*

_ after time */
sort_wall = (fleal) (tv2.tv_sec - Lvl.bv_sec) * 1000000 1+ tv2.tv_usec
Lvl. Lv_usec; B
Limes (&sort_end);
/t
* Get global totals of bubble sort.
®y
mpe_sync (allgrp);
times (&sort_total_start);
gettimeofday (&tvl, (struct timeval*)0); /* before time =*/

rc = mpc_reduce (totals, global_totals, diml*sizeof (float), 0,
s_vadd, allgrp);
if (ro == =1}
{
printf ("Error - unable to call mpc_reduce.\n");
exit (-1);
}
gettimeofday (&tv2, (struct timeval*)0); /* after Lime */
sort_total wall = (float) (tv2.tv_sec - tvl.tv_sec) * 1000000 + tv2.tv_usec
- tvl.tv_usec;
gettimeofday (&tv2, (struct timeval*)0); /* after time */
all_wall = (float) (twv2.tv_sec - tv0.tv_sec) * 1000000 + Lv2.tv_usec
- tv0.tv_usec;

times (&sort_total_end);
times(&all_end);
if (taskid==0)
(
for (i = 0; i < DIM1l; i++)
printf (" Average value # %d = %f\n", .
i, global_teotals{i]/(dim2*dim3*NN/3));
printf ("TIME: Sorting %d elements vectors = %$f user secs and %f sys
secs\n", DIM1,USERTIME(t1,t2), SYSTIME(tl,t2) );
}

'/1-
* Compute all times.
®y

all_user = (float) (all_end.tms_utime - all_start.tms_utime)/100.0;
all_sys = (float)(all_end.tms_stime - all_start.tms_stime)/100.0;
rc = mpc_reduce (&all_user, &all_user_max, sizeof (float), 0, s_vmax,allgrp);
if (re == -1)
(
printf ("Error mpc_reduce.\n");
exit (-1);
}
rc = mpc_reduce (&all_sys, &all_sys_max, sizeof (float), 0, s_vmax,allgrp);
if (g€ == -1)
{
printf ("Error mpc_reduce.\n");

exit (-1);
}
/*
* Compute disk times.
*
rc = mpc_reduce (&disk_wall, &disk_wall_max, sizeof(float), 0, s_vmax,

allgrp);
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if (rc == -1}
{

printf ("Error mpc_reduce.\n");
exit (-1);
) .
disk_user = (float) (disk_end.tms_utime - disk_start.tms_thme)/100.0;
disk_sys = (float) (disk_end.tms_stime - disk_start.tms_stime)/100.0;
re¢ = mpce_reduce (&disk_user, &disk_user_max, sizeof (float), 0, s_vmax,
allgrp);
TE (rg == =Kj
(
printf (*Error mpc_reduce.\n");
exit (-1);
)
rc = mpc_reduce (&disk_sys, &disk_sys_max, sizeof (float), 0, s_vmax,allgrp);

if (e == -1)
{

printf (“Error mpc_reduce.\n");

exit (-1);
}

/*
* Compute maxl times.
*J

rc = mpc_reduce (&maxl_wall, &maxl_wall_max,

sizeof (float), 0, s_vmax,

allgrp);
if (r¢ == -1}
(
printf ("Error mpc_reduce.\n");
exit (-1);
}
maxl_user = (float) (maxl_end.tms_utime - maxl_start.tms_utime)/100.0;

maxl_sys = (float) (maxl_end.tms_stime - maxl_start.tms_stime)/100.0;

rc = mpc_reduce (&maxl_user,

allgrp):
if (rc == -1)
{

&maxl_user_max,

printf (“Error mpc_reduce.\n");

exit (-1);
}

rc = mpc_reduce (&maxl_sys,

if (rc == -1)
{

&maxl_sys_max,

printf ("Error mpc_reduce.\n");

exit (-1);
}

/*
* Compute before times.
*/

rc = mpc_reduce (&before_wall,

allgrp);
if (rc == -1)
{

printf ("Error mpc_reduce.\n");

exit (-1);
}
before_user = (float)
\

sizeof

sizeof

(float),

(float),

0,

0, s_vmax,

s_vmax,allgrp);

&before_wall_max, sizeof (float), 0, s_vmax,

(before_end.tms_utime - before_start.tms_utime)/100.0;

before_sys = (float) (before_end.tms_stime - before_start.tms_stime)/100.0;
rc = mpc_reduce (&before_user, &before_user_max, sizeof (float), 0, s_vmax,

allgrp);
if (re == -1)
(

printf ("Error mpc_reduce.\n");

exit f=%1);
}



re = mpce_reduce {(&before_sys, &belfore_sys_max, sizeofl (float), 0,

Yy S_vmax,
_ allgrp);
LE (e == =1
(
printf ("Error mpc_reduce.\n");
exit (-1);
I
J&
* Compute sorlt Limes.
x f'

rc = mpc_reduce (&sort_wall, &sort_wall_max, sizeof(float), 0, s_vmax,

allgrp);
if (re == -1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
)
sort_user = (float) (sort_end.tms_utime - sort_start.tms_utime)/100.0;

sort_sys = (floal) (sort_end.tms_stime - sort_start.tms_stime)/100.0;
rc = mpc_reduce (&sort_user, &sort_user_max, sizeof (fleat), 0, s_vmax,
allgrp);
if (rc == -1)
(
printf ("Error mpc_reduce.\n");
exit (-1);
}
rc = mpc_reduce (&sort_sys, &sort_sys_max, sizeof (fleat), 0, s_vmax,allgrp);
if (re == -1)
{
printf ("Error mpc_reduce.\n");

exit (-1); .
) .
/*
* Compute sort_total times.
*f

rc = mpc_reduce (&sort_total_wall, &sort_total _wall_max, sizeof(fleat), 0,
s_vmax, allgrp);
if (fe == =3)
(
printf (“Error mpc_reduce.\n"):
exit (-1);
)
sort_total_user = (float) (sort_total_end.tms_utime
- sort_total_start.tms_utime)/100.0;
sort_total_sys = (float) (sort_total_end.tms_stime
- sort_total_start.tms_stime)/100.0;
re = mpc_reduce (&sort_total_user, &sort_total_user_max, sizeof (float), O,
s_vmax,allgrp);
if {(r¢ == -1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
}
re = mpc_reduce (&sort_total_sys, &sort_total_sys_max, sizeof (float), 0,
s_vmax,allgrp);

if fre == =1j
{
printf ("Error mpc_reduce.\n");
exit (-1);
|
/.
* Display timing information.
=/
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if (taskid == 0)
‘ i Ll
printf (*\n\n*** CPU Timing information - numtask = %di\n\n*, NN);

printfi (* all_user_max = %.2fF s, all_sys_max %.2f s\n™,
all_user _max, all_sys_max); ) .

printf (* disk_user_max = %.2f s, disk_sys_max = %.2F s\n",
disk_user_max, disk_sys_max); ‘ .

printt (" maxl_user_max = %.2[ s, maxl_sys_max = %.2[ s\nY
maxl_user_max, maxl_sys_max); _ .

printf (* before_user_max = %.2f s, belfore_sys_max = $.2f s\n%,
before_user_max, before_sys_max);

printf (* sort_user_max = %.2f s, sort_sys_max = %.2F s\A";
sort_user_max, sort_sys_max); i

printf (" sort_total_user_max = %.2f s, sort_total_sys_max = %.2f

s\n", sort_total_user_max, sort_total_sys_max);

printf ("\n*** Wall Clock Timing information - numtask = %d\n\n", NN);

printf (* all_wall = %.0f us\n", all_wall);

printf (* task_wall = %.0f us\n", task_wall);
printf (" disk_wall = %.0f us\n", disk_wall_max):
printf (" maxl_wall = %.0f us\n", maxl_wall_max);
printf (" before_wall = %.0f us\n", before_wall_max);
printf (* sort_wall = %.0f ue\n", sort_wall_max);
printf (* sort_total_wall = %

.0f us\n", sort_total_wall_max);
) ;
exit (0);

}

A.1.2 bench_mark SORT FFT.c

/%
i

*

bench_mark_SORT_FFT.c

S
*+

*

Parallel General Benchmark Program for the IBM SP2

*

This parallel General benchmark program was written for the IBM SP2 by the
STAP benchmark parallelization team at the University of Southern
California (Prof. Kai Hwang, Dr. Zhiwei Xu, and Masahiro Arakawa), as

part of the ARPA Mountaintop program.

The sequential General benchmark program was originally written by Tony
Adams on 8/30/93.

This file contains the procedure main (), and represents the body of the
General Sorting and FFT subprograms.

This subprogram's overall structure is as follows:
1. Load data in parallel.
2. Each task searches its slice of the data cube for the largest element.

3. Perform a reduction operation to find the largest element in the
entire data cube.

4. Each task sorts its slice of the data cube along the DIM1 dimension.

5. Collect the totals calculated in the bubble sort operation using a
reduction operation.

6. Perform FFTs along the DIMI and DIM2 dimensions.

7. Redistribute the data cube using a total exchange operation.

8. Perform FFTs along the DIM3 dimension.

9

Each task searches its slice of the data cube for the largest element
after the Mi''s.

10. Perform a reduction operation te find the largest element in the

% M N % A R M W % N ok o % o o O o b F ow oW o o W
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entire data cubaoe.

This program can be compiled by calling the shell script compile_sort_frr.
Because of the nature of the program, before the program is compiled, tha
header file defs.h must be adjusted so that NN is sel to Lhe number Ol
nodes on which the program will be rin. We have provided a defs.h (ile ftor
each power of 2 node size [rom 1 Lo 756, called defs.001 Lo defs.25%6.
This program can be run by calling the shell script run.iifil, where filf is

the number of nodes on which the program is being run.

Unlike the original sequential version of this program, the parallel Gensral
program does nobt support command-line arguments specifying the number of
times the program body should be executed, nor whether or not timing
information should be displayed. The program body will be executed once,

and the timing information will be displayed at the end of execution.

The input data file on disk is stored in a packed format: Each complex
number is stored as a 32-bik binary integer; the 16 LSBs are the real
half of the number, and the 16 MSBs are the imaginary half of the number.
These numbers are converted into floating point numbers usable by this
benchmark program as they are loaded from disk.

The steering vectors file has the data stored in a different fashion. All
data in this file is stored in ASCII format. The first two numbers in this
file are the number of PRI& in the data set and the threshold level,
respectively. Then, the remaining data are the steering vectors, with
alternating real and imaginary numbers.
/

ok ok % ok ok o ok o ok ok koA koA % A % 4 M o % o % % %

#include "stdio.h"
#include "math.h"
#finclude "defs.h"
#include <sys/types.h>
#iinclude <sys/times.h>
#include <mpproto.h>
ffinclude <sys/time.h>
#include <time.h>

/t

* main ()

® inputs: argec, argv
% outputs: none

r/

main (argc, argv)
int argc;
char *argvl[];

{
/*
* Variables
*
* data_cube: input data cube
* doppler_cube: Doppler data cube
* data_vector: used in the index step
* tl, t2: holders for the time function return in seconds
* diml, dim2, dim3: dimensions 1, 2, and 3 for the input data cube.
* locl, loc2, loc3: holders for the location of the largest element
* temp: buffer for binary input integer data
* {_templ, f_temp2: holders for float data
* f_pwr: holder for float power data
* i, j, k, n, offset, r: loop counters
* max: float variable to hold the maximum of complex data i
* index_max, g_index_max: data structures holding the location and power of
* the largest elements (local and global, repsectively) ) )
* data_name, str_name: names of the files containing the input data file and
= the vectors, respectively

totals: holders for DIM1 totals
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* global_totals: holders for global DIM1 totals

+ logpeints: log base 2 of the number of points in the FFT

£ sum: a COMPLEX variable to hold the sum of complex data

* points: the number of peoints in the FIFT

* pix2: pi times 2 (2 x 3,141%9)

ooy pl (3L 14159)

* X: storage f[or lLemporary FFT vector

* w: storage for the twiddle factors table

* blklen: block length; used for MPL calls

* rc: return code from an MPL call

* taskid: the identifier for this task

* numask: the number of tasks running this program

* nbuf: buffer te hold data returned by the mpc_task_guery call
* allgrp: the identifier for the group encompassing all the tasks running
. this program

* source, dest, type, nhytes: used by MPL calls

*/

COMPLEX data_cube[DIM2] [DIM1] [DIM3];

COMPLEX doppler_cube [DIM1]) [DIM2/NN] [DOP_GEM] ;
COMPLEX data_vector [DIM2*DIM1*DIM3];

struct tms t1,L2;

int diml = DIML;
int dim2 = DIM2;
int dim3 = DIM3;

int locl,loc2, loc3;

unsigned int temp[1];

float f_templ, f_temp2;

float f_pwr;

int i, j, k, n, offset, r;

float max;

INDEXED_MAX index max[1], g_index_max(1]
char data_name [LINE_MAX] ;

char str_name [LINE_MAX]; o ~
FILE *fopen();

FILE *f_dop; ' '
float totals[DIM1];

float global_totals[DIM1];

int logpoints;

COMPLEX sum;

int points = DOP_GEN;

float pix2, pi;

static COMPLEX x[DOP_GEN];

static COMPLEX w([DOP_GEN] ;

int blklen;

int rc;

int taskid;

int numtask;

int nbuf[4];

int allgrp;

int source, dest, type, nbytes;

/x

* Timing variables.
=/

’

struct timeval tv0, tvl, tv2;
struct tms all_start, all_end;
float all_user, all_sys;

float all_user_max, all_sys_max;
float all_wall, task_wall;

struct tms disk_start, disk_end;
float disk_user, disk_sys;

float disk_user_max, disk_sys_max;
float disk_wall, disk_wall_max;

struct tms maxl_start, maxl_end;
float maxl_user, maxl_sys;
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L loat maxl_user_max, maxl_s

max;
float maxl_wall, maxl_wall_max;
strucl tms maxZ_start, max2 end;
Lloat max2_user, max2_sys; a
[loat max2_user_max, max2_sys_max;
[loat max2_wall, max2_wall_max;

struct tms before_start, before_end;
float before_user, before_sys;

float before_user_max, before_sys_max;
float before_wall, before_wall max;

struct tms sort_start, sort_end;
float sort_user, sort_sys;

float sort_user_max, sort_sys_max;
float sort_wall, sort_wall_max;

struct tms sort_total_start, sort_total_end;
float sort_total_user, sort_total_sys;

float sort_total_user_max, sort_total_sys_max;
float sort_total_wall, sort_total_wall_max;

struct tms index_start, index_end;
float index_user, index_sys;

float index_user_max, index_sys_max;
float index_wall, index_wall_max;

struect tms fftl_start, fftl_end;
float fftl_user, fftl_sys;

float fftl_user_max, fftl_sys_max;
float fftl_wall, fftl_wall_max;

struct tms fft2_start, fft2_end;
float fft2_user, fft2_sys;

float fft2_ user_max, {ft2_sys_max;
float fft2_wall, fft2_wall_max;

struct tms f£ft3_start, fft3_end;

" float fft3_user, fft3_sys;
float fft3_user_max, fft3_sys_max;
float f£ft3_wall, fft3_wall_max;

struct tms after_start, after_end;
float after_user, after_sys;

float after_user_max, after_sys_max;
float after_wall, after_wall_max;

/*
* Externally defined functions.
xy

extern void cmd_line();

extern void read_input_SORT_FFT();
extern void bubble_sort () ;

extern void ffL();

S~
*

Begin function beody: main ()

task number (taskid) and the total number of tasks or nodes running this
program (numtask) by using the MPL call mpc_environ. Then, each task
determines the identifier for the group which encompasses all tasks or

LRI N O

communication or aggregated computation operations, such as mpc_index.

Initialize for parallel processing: Here, each task or node determines its

nodes running this program. This identifier (allgrp) is used in collective



geLbimeofday (&LvD, (struct timeval+)0); /* before Lime */

re = mpe_environ (&numtask, &taskid);

if (re == -1)
( .
printf ("Error - unable to call mpc_environ.\n");
exit (-1);
J
if {numtask != NN)
{
if (taskid == 0)
{
printf ("Error - task number mismatch... check defs.h.\n"});
exit (-1);
)
]
rc = mpc_task_query (nbuf, 4, 3);
if {rc == -1)
{
printf ("Error - unable to call mpc_task_query.\n");
exit (-1);

)
allgrp = nbuf(3];

if (taskid == 0)

{
printf ("Running...\n");
}
gettimeofday (&tv2, (struct timeval=*)0); /* befeore time */
task_wall = (float) (tv2.tv_sec - tv0.tv_sec) * 1000000 + tv2.tv_usec
- LvO0.tv_usec;
times (&all_start); .
/‘k
* Get arguments from command line. In the sequential version of the program,
* the following procedure was used Lo extract the number of times the main
* computational body was to be repeated, and flags regarding the amount of
* reporting to be done during and after the program was run. In this paralle
* program, there are no command line arquments to be extracted sxcept for the
* name of the file containing the data cube.
*

cmd_line (argc, argv, str_name, data_name);
/*

* Read input files. In this section, each task loads its portion of the data
* cube from the data file.
*f

if (taskid == 0)

{

printf (" loading data...\n");

}
mpc_sync (allgrp);
times (&disk_start);
gettimeofday (&tvl, (struct timeval#*)0); /* before time */
read_input_SORT_FFT (data_name, data_cube) ;
gethimeofday (&tv2, (struct timeval+*)0); /* after Cime =/

disk_wall = (float) (tv2.tv_sec - tvl.tv_sec) * 1000000

+ Lv2.tv_usac
- Lvl.tv_usec;

times (&disk_end);
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/1

Start. SORT Steps. Find the element with the 1 argest magniturde in thig

slice of the data cube. -ask s
v/
/t
¥ 4f (vaskid == 0)
* printi(*"Finding maximum COMPLEX entry in data_cube before FRT An*) g
I/ -

timeg {&maxl_start);
gettimeofday (&tvl, (struct timeval*)0); /* before time */
max = 0.0;

for (i = 04 i diml; 1i+4)

<
for (j = 0; j < dim2; j++)
for (k = 0; k < dim3; k++)
{
f_templ = data_cube[j][i][k].real:
f_temp2 = data_cube[j][i])[k].imag;
f_pwr = [_templ*f_templ + f_temp2*f_temp2;

if (f_pwr > max)
{
max = f_pwr;
loel=i;
loc2=3;
loc3=k;

/z

* printf("task %d finds max %f at %d %d $d\n", taskid, max, locl, loc2, loc3);
% f

f

index_max[0] .value = max ;

index max[0].locl locl ;
index_max[0].loc2 loc2 ;
index_max[0].loc3 loe3 + taskid * dim3 ;_

gettimeofday (&tv2, {struct timeval#*)0); /* after time */
maxl_wall = (float) (tv2.tv_sec - tvl.tv_sec) * 1000000 + Lv2.tv_usec
- tvl.tv_usec;

times (&max1_end) ;

/*

* Now aggregate to get the global maximum (the largest element in the entire
* data cube).

®f

mpc_sync (allgrp);
times(&before_start);
gettimeofday (&tvl, (struct timeval*)0); /* before time =/
rc = mpc_reduce (index_max, ¢_index_max, sizeof (INDEXED_MAX), 0,
xu_index_max, allgrp);
1f (e == =1)
(
printf ("Error - unable to call mpc_reduce.\n");
exit (-1);
)
gettimeofday (&tv2, (struct timeval*)0); /* after time */
before_wall = (fleat) (tv2.tv_sec - tvl.tv_sec) * 1000000 #+ tv2.tv_usec
- tvl.tv_usec;
Limes (&before_end) ;

if (taskid == 0 )}
{
max = g_index max|[0].value ;
locl = g_index_max[0].locl ;



locz = g_index_max[0].loec2 ;
locd = g_index_max[0].loc3 ;

printf("TIiME: (inding max before FFT = %f user secs and %f sys secs\n”,
USERTIME (v1.v2), SYSTIME(t1,t2) )

printf("POWER of max COMPLEX entry before FII' = %[ \n", max);
printf ("LOCATION of max entry before FFT = %d %d %d \n", locl,loc2, loc3);

/&
* SORT DIM1 of data_cube DIM2*DIM3/3 times and output DIM1 average values.
* DIM3 must be divisible by 3 to give whole number dimension.
e

if (taskid == Q)
printf ("Sort %d element vectors %d*%d times. Output %d averages\n",
DIM1, DIMZ, DIM3/3, DIM1 );
times (&sort_start);
gettimeofday (&Ltvl, (struct timeval*j)C); /* before time */

bubble_sort(data_cube, totals);

gettimeofday (&tv2, (struct timeval*)0); /* after time */
sort_wall = (fleoat) (tv2.tv_sec - tvl.tv_sec) * 1000000 + tv2.tv_usec
- tvl.tv_usec;

times {&sort_end);

/*
* Get global totals of bubble sort.
=y

mpe_syne (allgrp);
times (&sort_tetal_start);

gettimeofday (&tvl, (struct timeval*)0); ~ " /* before time */

rc = mpe_reduce (totals, global_totals, diml*sizeof(flcat), 0
- s_vadd, allgrp);

(3

1f (rc == -1)
(
printf ("Error - unable to call mpc_reduce.\n");
exit (-1);
}
gettimeofday (&tv2, (struct timeval*)0); /* after time */

sort_total_wall = (float) (tv2.tv_sec - tvl.tv_sec) * 100000 + tv2.tv_usec
- ktvl.tv_usec;

times (&sort_total_end);

if (taskid==0)
{
for (i = 0; i < DIM1; i++)
printf(" Average value # %d = %f\n*, i,
global_totals([i]/(dim2*dim3*NN/3));
printf ("TIME: Sorting %d elements vectors = %f user secs and %f sys
secs\n", DIM1,USERTIME(tl,t2), SYSTIME (t1,t2) );
}

/7
* Start FFT steps.

*

* Generalte twiddle factors table w.
£

pi = 3.141592653%58979;

pix2 = 2.0 * pi;
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for (i=0; i < points; i)
{
w(@].imag = sin(pixz * (float)i / {float)points);
} wli].real = cos(pix2 * (float)i / (Lloat)points) ;

/i
:/lst FFT: Perform dim2*dim3 number of diml points FITs.

logpoints = log2((float) diml ) + 0.1;

if (taskid==0)
printf (“Computing %d*%d %d point FFTs \n", dim2, dim3*NN, diml);

times (&fftl_start);
gettimeofday (&tvl, (struct timeval+)0); /* before time */
for (j = 0; j < dim2; j++)

for (k = 0; k < dim3; k++)

{
for (i = 0; i < diml; i++)
{
x[i].real = data_cube(j] (i) [k].real:
x[i].imag = data_cube[j][i][k].imag;
}
fft (x, w, diml, logpoints);
for (i = 0; i < diml; i++)
{
data_cube[j] [i] [k].real = x[i].real ;
data_cube(jl(i][k].imag = x[i].imag ;
}
}

gettimeofday (&tv2, (struct timeval*)0); /#* after time =/
fftl_wall = (float) (tvZ.tv_sec - tvl.tv_sec) * 1000000 + Lv2.CLv_usec
- tvl.tv_usec; ’ )

times(&fftl_end);

/i:

* 2nd FFT: Perform diml*dim3 number of dim2 points FFTs.
%))
logpoints = log2((float) dim2 ) + 0.1;

if (taskid==0)
printf ("Computing %d*%d %d point FFTs \n", diml, dim3*N¥, dim2);

times (&£ft2_start);
gettimeofday (&tvl, (struct timeval*)0); /* before time */

for (1 = 0; 1 < diml; i++)
for (k = 0; k < dim3; k++)

{
for (j = ©; j < dim2; j++)
{
[j].real = data_cube(j][i])([k].real;
%3] .imag = data_cube(3] [i][k].imag;
}

ffr (x, w, dim2, logpoints);
for (j = 0; j < dim2; j++)
{
.real ;

data_cube[j] (1] [k].real
Pad [kl .imag ;

data_cube[j k].imag

%3]
(3]
H
1
gettimeofday (&tv2, (struct timeval*)0); /* after time =/
fFe2_wall = (float) (Lv2.tv_sec - Lvl.tv_sec) * 1000000 + tvZ.tv_usec
- tvl.tv_usec;
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Limes(&f L2 _ond);

£ _
* Index data_cube to doppler_cube. This total exchange operation is needed
* so that each task has all the elements along the DIM3 dimension (the
* dimension along which the last sel of FI'l's is perlformed) .
=)

1f (taskid == 0)
{
printf (* indexing data cube...\n");
!

mpe_sync (allgrp);
times (&index_start);
gettimeofday (&tvl, (struct timeval*)Q); /* before time */
re¢ = mpc_index (data_cube, data_vector,
DIM1 * DIM2 * DIM3 * sizeof (COMPLEX) / NN, allgrp);:
if ftre == -1)
{
printf ("Error - unable to call mpec_index.\n");
exit (-1});

}
/*

* %

if (taskid == 0)
{
printf (* rewinding data cube...\n");
1

* %

£

of fset Qs
for (n 0; n < NN; n++) o <
for (j= 0 ; j < DIM2/NN; j++)
for (i = 0; i < DIM1 ; i++)
for (k = n * DIM3; X < (n + 1) * DIM3 ; Kk++)

o

(
doppler_cube[i] [j) (k] .real = data_vector[offset].real;
doppler_cube[i] [j] (k] .imag = data_vector[offset].imag;
of fset++;
)

gettimeofday (&tv2, (struct timeval*)0); /* after Ctime */

index_wall = (fleat) (tv2.tv_sec - tvl.tv_sec) * 1000000 + tv2.tv_usec
- tvl.tv_usec;

times (&index_end);

/w

* 3rd FFT: Perform diml*dim2 number of DOP_GEN points FFTs,
*/

dim2 dim2/NN;

dim3 dim3*NN ;

logpoints = log2((float) DOP_GEN ) + 0.1;

won

if (taskid==0)
_printf ("Computing %d*%d %d point FFTs \n", diml, dim2+*NN, DOP_GEN) ;
Cimes (£ft3_start);

gettimeofday (&tvl, (struct timeval*)0); /* before time */

for (i = 0; i < diml; i++)
for (j = 0; j < 'dim2; j++)
{

for (k = 0; k < dim3; ki+)
[
#[k] .real = doppler_cube[i] [§] [k].real;
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x[k].imag doppler_cubelil (i) 1k]. imagg;

[lor (k = dim3; k < DOP_GEN;: k+4)

L=]

x[k].real 0;
X |k 0.0;

|
<] . imag

o

ﬁfL (x, w, DOP_GEN, logpoints);
for (k = 0; k < DOP_GEN; k++)

doppler_cube(i] [j] (k] .real
doppler_cube(i] [j] (k] .imag

0w
v
=

)

}
gettimeofday (&tv2, (struct timeval*)0); /* after time */
fft3_wall = (float) (tv2.tv_sec - tvl.tv_sec) * 1000000 «+

Lv2.tv_usec
- Lvl.tv_usec;

times (&L ft3_end) ;

i (taskid == 0)
printf ("Finding maximum COMPLEX entry in data_cube after FFT \n"j;

times (&max2_start) ;
gettimeofday (&tvl, (struct timeval*)0); /* before time */

max = 0.0;

/*

Find the element with the largest magnitude in each task's slice of the
* data cube after the FFTs.

xf
for (L1 = 0; 1 < diml; i++) =
for (j = 0; J§ < dim2; j++) =2
for (k = 0; k < DOP_GEN; k++) :
{
f_templ doppler_cube[i] [j] (k] .real;

il
f_temp2 = doppler_cubelil [j][k].imag;
f_ pwr = f_templ*f_templ + [_temp2*f_tempZ;
if (f_pwr > max)
{
max = f_pwr;
locl=i;
loeg2=1;
loc3=k;
}

}
gettimeofday (&tv2, (struct timeval*)0); /* after time */
max2_wall = (float) (tv2.tv_sec - tvl.tv_sec) * 1000000 + tv2.rv_usec
- tvl.tv_usec;
times (&max2_end) ;

/t
printf ("task %d finds max %f at %d %d %d\n",

taskid, max, locl, loc2, loec3);
"
/

index_max([0].value = max;

index_max[0].locl = locl;
index_max[0].loc2 = lec2 + taskid * dim2;
index_max[0].loc3 = loc3;
/t
* Now aggregate to get the global maximum (the element with thes largest
* magnitude in the entire data cube after the FFTs).
£

mpe_sync (allgrp);

A-19



times (&after_start);

gettimeofday {&tvl, (struct timeval*)Q); /* before time */

re = mpe_reduce (index_max, g_index_max, sizeof (INDEXED_MAX), 0,
xu_index_max, allgrp);

if (ro == =14

{
printf ("Error - unable to call mpc_reduce.\n");

exic (-1);
}
gettimeofday (&tv2, (struct timeval*)0); /* after time */
after wall = (float) (tv2.tv_sec - tvl.tv_sec) * 1000000 + tv2.tv_usec
- tvl.tv_usec;
all_wall = (float) (tv2.tv_sec - tv0D.tv_sec) * 1000000 + tvZ.tv_usec

- tvl.tv_usec;
times (&after_end) ;
times(&all_end) ;

/*

* Compute all times.

Ly

all_user = (float) (all_end.tms_utime - all_start.tms_utime)/100.0;

all_sys = (float) (all_end.tms_stime - all_start.tms_stime)/100.0;
rc = mpc_reduce (&all_user, &all_user_max, sizeof (float), 0, s_vmax,allgrp);
if (re == -1}
{
printf ("Error mpc_reduce.\n");
exit (-1);
}

rc = mpc_reduce (&all_sys, &all_sys_max, sizeof (float), 0, s_vmax,allgrp);
if (re == -1)

printf ("Error mpc_reduce.\n"); :
exit (-1);
}
,'*
* Compute disk times.
*/

rc = mpc_reduce (&disk_wall, &disk_wall_max, sizeof(float), 0, s_vmax,
allgrp);
if (re == -1)
{
printi ("Error mpc_reduce.\n");
exit (-1);

}
disk_user =
disk_sys =
rc =

(float) (disk_end.tms_utime - disk_start.tms_utime)/100.0; \
(float)(@lsk_end.tms_stime - disk_start.tms_stime)/100.0; \
mpc_reduce (&disk_user, &disk_user_max, sizeof (float), 0, s_vmax,

allgrp);
if (re == -1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
}
F% T mpc_reduce (&disk_sys, &disk_sys_max, sizeof (float), 0, s_vmax,allgrp);
LE e == 1)
{
printf (“Error mpc_reduce.\n");
axit (-1);
}

/l

* Compute maxl times.
*/
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re = mpe_reduce (&maxl_wall, tmaxi_wall_max, sizeof([loal), 0, s_vmax,
allgrp);

= =1)
printl ("Error mpc_reduce.\n");
exit (-1);
}
maxl_user = (float) (maxl_end.tms_utime - maxl_start.tms_utime) /100.0;
maxl_sys = (float) (maxl_end.tms_stime - maxl_start.tms_stime)/100.0;
rc = mpe_reduce (&maxl_user, &maxl_user_max, sizeof (Eloat), 0, s_vmax,
allgrp);
If (re == -1)
(
printf ("Error mpc_reduce.\n");
exit (-1);
}
rc = mpc_reduce (&maxl_sys, &maxl_sys_max, sizeof (float), 0

, S_vmax,all 13
if (re == -=1) e
{
printf ("Error mpc_reduce.\n");
exit (-1);
}
/*
* Compute before times.
¥/
rc = mpc_reduce (&before_wall, &before_wall_max, sizeof(float), 0, s_vmax,
allgrp);
if (e == =19
{
printf ("Error mpc_reduce.\n");
exit (-1);

| «
before_user = (float) (before_end.tms_utime - before_start.tms 'utime)/100.0;
before_sys = (float) (before_end.tms_stime - before_start.tms_stime)/100.0:
rc = mpc_reduce (&before_user, &before_user_max, sizeof (float), 0, s_vmax,

allgrp);
if (re == -1)
{
printf (“Error mpc_reduce.\n");
exit (-1);
}
rc = mpc_reduce (&before_sys, &before_sys_max, sizeof (float), 0, s_vmax,
allgrp);
if (rc == -1)
{

printf ("Error mpc_reduce.\n");
exit (-1);

}
/t
* Compute sort times.
*

rc = mpc_reduce (&sort_wall, &sort_wall_max, sizeof(float), 0, s_vmax,
allgrp);
if (rc == -1)
{
printf ("Error mpc_reduce.\n"};
exit (-1);
}

gsort_user = (fleoat) (sort_end.tms_utime - sort_start.tms_utime)/100.0;

sort_sys = (float) (sort_end.tms_stime - sort_start.tms_stime)/100.0;

rc = mpc_reduce (&sort_user, &sort_user_max, sizeof (fleat), 0, s_vmax,
allgrp):

i (re == =1)

{



princl ("Error mpc_reduce.\n");
exit (-1);
]

rc = mpe_reduce (&sort_sys, &sort_sys_max, sizeol (float)], 0, s_vmax,allgrp);
ift (fe == =1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
}
£ )
* Compute sort_total times.
=/

rc = mpc_reduce (&sori_total_wall, &sort_toetal_wall_max, sizeof(fleat), 0,
s_vmax, allgrp);
if (¥ == -1)
{
printf ("Error mpc_reduce.\n");

exit (-1);
sort_total_user = (float) (sort_total_end.tms_utime -
sort_total_start.tms_utime)/100.0;
sort_total_sys = (float) {sort_total_end.tms_stime -

sort_total_start.tms_stime)/100.0;
re = mpe_reduce (&sort_total_user, &sort_total_user_max, sizeof (float), 0,
s_vmax,allgrp);
if (re == =1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
}
rc = mpc_reduce (&sort_total_sys, &sort_total_sys_max, sizeof (float), 0
s_vmax,allgrp) ; : .
if (re == -1)
( .
printf ("Error mpc_reduce.\n");
exit (-1);
}

r

/!
* Compute fftl times.
=y
rc = mpe_reduce (&fftl_wall, &ffti_wall max, sizeof(float), O, s_vmax,
ailgrp);
if (re == -1}
{
printf {"Error mpc_reduce.\n");
exit (-1);
)
fftl_user = (float) (fftl_end.tms_utime - ffrl_start.tms_utime) /100.0;
fftl_sys = (float) (fftl_end.tms_stime - fftl_start.tms_stime)/100.0;
rc = mpc_reduce (&fftl_user, &fftl_user max, sizeof (float), C, s_wvmax,
allgrp);
if (re == -1}
{
printf ("Error mpc_reduce.\n");
exit (-1);
}
rc = mpc_reduce (&fftl_sys, &fFftl_sys_max, sizeof (float), 0, s_vmax,allgrp);
if (re == -1)
{
printf (“Error mpc_reduce.\n");

exit (-1);
} -~
/-
* Compute fft2 times.
*/
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re = mpe_reduce (&Eft2_wall, LItL2_wall_max, sizeof(float), 0,

S_vmax,
, allgrp);
1k (re == -1)
|
[wpwl(WMTM‘MMJumeAHU;
exit (-1);
}
Lft2_user = (float) (ffL2_end.tms_utime - ffr2_start.tms_utime)/100.0;

ffL2_sys = (float) (fft2_end.tms_stime - ffL2_start.tms_stime) /100.0;
rc = mpc_reduce (&ffL2_user, &fft2_user _max, sizeof (Eloat), 0, s_vmax,
allgrp);
if (re == -1)
(
printf ("Error mpc_reduce.\n");
exit (-1);
}

rc = mpc_reduce (&fft2_sys, &[ft2_sys_max, sizeof (float), 0
if (re == -1)
{
printf (“Error mpc_reduce.\n");
exit (-1);
)

J ' ’
* Compute fft3 times.
g

rc = mpc_reduce (&fft3_wall, &fft3_wall_max, sizeof(float), 0
allgrp);
if (Fe == -1)

. S_vmax,

printf ("Error mpc_reduce.\n"};
exit (-1); -

} . ;
fft3_user = (float) (fft3_end.tms_utime - fft3_start.tms_utime)/100.0;
fft3_sys = (float) (fft3_end.tms_stime - ffL3_start.tms_stime) /160.0;
rc = mpc_reduce (&fft3_user, &fft3_user_max, sizeof (float), 0, s_vmax,

allgrp);
if (rc == -1)
(
printf (“Error mpc_reduce.\n");
exit (-1);
}
rc¢ = mpc_reduce (&££ft3_sys, &fft3_sys _max, sizeof (flozt), 0, s_vmax,allgrp);
if (e == =1}
{

printf ("Error mpc_reduce.\n");
exit (-1);

}
/*
* Compute index times.
g
rc = mpc_reduce (&index wall, &index_wall_max, sizeof(float), 0, s_vmax,
allgrp);
if (¢ == =1)
{
printf ("Error mpc_reduce.\n");
exit (-1);

} .
index_user = (float) (index_end.tms_utime - lndex_start.tms_gt]me)/100.0;
index_sys = (float) (index_end.tms_stime - index_start.tms_stime)/100.0;
rc = mpc_reduce (&index_user, &index_user_max, sizeof (float), 0, s_vmax,

allgrp);
if (re == -1)

printf ("BError mpc_raduce . \n");
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exit (-1);:
}

rc = mpe_reduce (&index_sys, &index_sys_max, sizeof (float), 0, s_vmax,

allgrp);
if (rc¢ == =1)
{
printf ("Error mpc_reduce.\n");
exit {-1);
}
/ *
* Compute max2 tLimes.
&y
rc = mpc_reduce (&max2_wall, &max2_wall_max, sizeof(float), 0, s_vmax,
allgrp);
if (re == -1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
} 0
max2_user = (float) (max2_end.tms_utime - max2_start.tms_utime)/100.0;

max2_sys = (float) (max2_end.tms_stime - max2_start.tms_stime)/100.0;
rc = mpc_reduce (&max2_user, &max2_user_max, sizeof (float), 0, s_vmax,
allgrp);
if (rc == -1)
{
printf ("Error mpc_reduce.\n");
exit (-1);

rc = mpc_reduce (&max2_sys, &max2_sys_max, sizeof (float), O, s_vmax,allgrp);
if (re == -1)

{
printf ("Error mpc_reduce.\n"); * -
exit (-1); . ,
}
/vk
* Compute after times.
2
rc = mpc_reduce (&after_wall, gafter_wall_max, sizeof (float), 0, s_vmax,
' ' allgrp) ;
if (rec == -1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
}
after_user = (float) (after_end.tms_utime - after_start.tms_utime)/100.0;
after_sys = (float) (after_end.tms_stime - after_start.tms_stime)/100.0;
rc = mpc_reduce (&after_user, &after_user_max, sizeof (float), 0, s_vmax,
allgrp);
if (rc == -1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
}
rc = mpce_reduce (&after_sys, cafter_sys_max, sizeof (float), 0, s_vmax,

allgrp);
if (re == -1)
{
printf (“Error mpc_reduce.\n");

exit (-1);
}
/t
* Report results.
* i
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il (Laskid
|

e x

g_ ine

) )

lex_max 0] .value;
loel g_index_max [0] .locl:
loc2 g_index_max (0] .locz;
locs a_index_max[0].loc3;
prinCl(*TIME: finding max after P = %0 user secs and 3| sys secs\n",
USERTIME (L1, L2), SYSTIME(L1,t2) );
print@("POWER of max COMPLEX entry after FFT = %f \n*', max);
} printf ("LOCATION of max entry after FFT = %d %d %d \n*, locl,loc2,loc3);
j’
* Display timing information.
*d
if (taskid == 0)
{
printf{ ("\n\n*** CPU Timing information - numtask = %d\n\n", NN} ;
printf (* all_user_max = %.2f s, all_sys_max = %.2Ef s\n*,;
all_user_max, all_sys_max);
printf (" disk_user_max = %.2f s, disk_sys_max = %.2F s\n";
disk_user _max, disk_sys_max);
printf (" maxl_user_max = %.2f s, maxl_sys_max = %.2f s\n",
maxl_user_max, maxl_sys_max);
printf (" before_user_max = %.2f s, before_sys_max = %.2F 8\n*;
before_user_max, before_sys_max);
printf (" sort_user_max = %.2f s, sort_sys_max = %.2f s\n";
sort_user_max, sort_sys_max);
printf (" sort_total_user_max = %.2f s, sort_total_sys_max = %,
s\n", sort_total_user_max, sort_total_sys_max);
printf (* fftl_user_max = %.2f s, £frl_sys_max = %.2f s\n",
fftl_user_max, fftl_sys_max); - .
printf (" fft2_user_max = %.2f s, [ft2 sys_max = %.2f s\n",
Eft2_user_max, fft2_sys_max); '
printf (v fft3_user_max = %.2f s, fft3_sys_max = %.2f s\n",
fft3_user max, fft3_sys_max);
printf (" index_ user_max = %.2f s, index_sys max = %.2f s\n",
index_user_max, index_sys_max);
printf (" max2_user_max = %.2f s, max2_sys_max = %.2f s\n",
max2_user_max, max2_sys_max);
printf (" after_user_max = %.2f s, after_sys_max = %.2f s\n",
after_user_max, after_sys_max);
printf ("\n*#** Wall Clock Timing information - numtask = %d\n\n", NN);
printf (* all_wall = %.0f us\n", all_wall);
printf (* task_wall = %.0f us\n", task_wall);
printf (" disk_wall = %.0f us\n", disk_wall_max);
printf (" maxl_wall = %.0f us\n", maxl_wall_max);
printf (" before_wall = %.0f us\n", before_wall_max);
printf (" sort_wall = %.0f us\n", sort_wall_max);
printf (* sort_total_wall = %.0f us\n", sort_total_wall_max);
printf (* fftl_wall = %.0f us\n", fftil_wall_max);
printf (* fft2_wall = %.0f us\n", fft2_wall_max);
printf (" fft3_wall = %.0f us\n*, fft3_wall_max);
printf (" index_wall = %.0f us\n", index_wall_max);
printf (" max2_wall = %.0f us\n", max2_wall_max);
printf (* after_wall %.0f us\n*, after_wall_max);
)
exit(0);

)
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A.1.3 bubble_sort.c

/o
* bubble_sort.c
xy

-~
*

This file contains the procedure bubble_sort (), and is part of the parallel
General henchmark program written for the IBM SP2 by the STAP benchmark
parallelization team at the University of Southern California (Prof. Kai
Hwang, Dr. Zhiwei Xu, and Masahiro Arakawa), as part of the ARPA Mountaintop
program.

The sequential General benchmark program was originally written by Tony
Adams con 8/30/93.

The bubble_sort () procedure contains the sort routine to do DIM2*DIM3/3
number of DIM1 element bubble sorts and to output DIM1 average values of the
DIM2*DIM3/3 sorts. DIM3 must be divisible by 3 to give whole number
dimensions. The power of the COMPLEX entries will be used to sort the data.
The procedure sorts the COMPLEX input data_cube[DIM1] [DIM2] (DIM3].
Nominally, DIM1, DIM2, and DIM3 = 64, 128, and 1500, respectively, and

thus the program sorts 128 * 500 = 64,000 64-element vectors.

/

* % o N * % ¥ W H ¥ * * * * # * #

#include “stdio.h"
ffiinclude "math.h"
#include "defs.h"

/1:

* bubble_sort ()

* inputs: data_cube .
® outputs: totals

*®

*  data_cube: input data cube

% totals: holders for DIM1 totals

*

/

bubble_sort (data_cube, totals)
COMPLEX data_cube[] [DIM1] [DIM3];
float totals[];

/i’
* Variables
* Qiml, dim2, dim3: dimensions 1, 2, and 3 in the input data cube
* sort_num: number of the sort number
* f_pwr: holder for float power data
* vec_diml: holder for DIML element SORT vector
* this_ptr, next_ptr: pointers to float data
* i, j, k, n: loop counters
=
int diml = DIM1;
int dim2 = DIM2;
int dim3 = DIM3;

int sort_num;

float f_pwr;

float vec_diml[DIM1];

float *Chis_ptr, *next_ptr;
mnt i i: XK, mg

/r
* Begin function body: biubble_sort ().
X



*Pertorm DIM2*DIM3/3 number of DIMI o loment. sorts.

Zero oul. DIMI totals.

L4
lor{n 0 < DIMT; niov) totals|n) 0.0;
/l
i Sort.by Fhe magnitude of the complex number (sum of the squares of the real
* and imaginary parts of the number) .
x
* Select dimensions so we always do dim2*dim3/3 number of diml element sorts.
*

/

for (j =
for (k
{

Qi dim2; j++)

Jj <
ik < dim3/3; k++)

0

/s
* Initialize pointer to start of holding vector.
=y

this_ptr = vec_diml;
for (i = 0; 1 < diml; i++)
(
*this_ptr++ = data_cube(j](i](k].real * data_cube[j][i] [k].real +
data_cube(j] (i] [k].imag * data_cube[j][i][k].imag;

/*
* Bubble sort the contents of the holding vector. 1st initialize pointers to
* start of holding vector.

sef
this_ptr = vec_diml;
next_ptr = vec_diml + 1;
/*
* Initialize the number of bubbles.
Y
sort_num = diml - 1;
/'.t
* Get 1st number.
=y
f_pwr = *this_ptr;
while (sort_num > 0)
{
for (n = 0; n < sort_num; n++)
(
if (*next_ptr < f_pwr)
{
*this_ptr++ = *next_ptr++;
}
else
(
*this_ptr++ = [_pwr;
f_pwr = *next_ptr+q;
}
J
*this_ptr = [_pwr;
sort._num -= 1;
/*
* Reinitialize pointers to start of holding vector.
i
Lhis_ptr = vec_diml;



next_ptr = vec_diml + 1;

fn
* (et lst number.
ko
f_pwr = *Chis_plUr;
l .
for(n = 0; n < diml; n++) totals[n] += vec_diml{n];
)
return;

)

A.1.4 cmd_line.c

/*

* emd_line.c

ey

/*

* This file contains the procedure cmd_line (), and is parkt of the parallel
* General benchmark program written for the IBM SP2 by the STAP benchmark

* parallelization team at the University of Southern California (Prof. Kai
* Hwang, Dr. Zhiwei Xu, and Masahiro Arakawa), as part of the ARPA Mountaintop
* program.

*

* The sequential General benchmark program was originally written by Tony

* Adams on 8/30/93.

*

* The procedure cmd_line () extracts the name of the files from which the

* input data cube and the steering vector data should be lgaded, The

* function of this parallel version of cmd_line () is different from that
** of the sequential version, because the seguential version also extracted
* the number of iterations the program should run and some reporting

* options.

*

fiinclude "stdio.h"
#include "math.h"
#include "defs.h"
#include <sys/types.h>
#include <sys/time.h>

/*

* cmd_line ()

* inputs: arge, argv

% outputs: str_name, data_name

*

* argc, argv: these are used to get data from the command line arguments
* str_name: a holder for the name of the input steering vectors file

= data_name: a holder for the name of the input data file

*/

cmd_line (arge, argv, str_name, data_name)
int argc;
char *argvl(];
char str_name [LINE_MAX] ;
char data_name [LINE_MAX] ;

{
/I

* Begin function body: cmd_line ()
*f

A-28



‘
€

!

sLrepy (str_name, argv(1]);

sbrcat (str_name, “.str*);
strepy (data_name, argv]i]):
stLreat (data_name, “.dal™);

erurn;

A.1.5 fft.c

/*

~
»

A % % ¥ F 4 o 4 % o F o4 %k 4 ¥ o ¥ %

/
kin
/*

*

*
*

*/

voi

(
i

fft.c

This file contains the procedures fft () and bit_reverse (), and is part
of the parallel General benchmark program written for the IBM SP2 by the
STAP benchmark parallelization team at the University of Southern California

(Prof. Kal Hwang, Dr. Zhiwei Xu, and Masahiro Arakawa), as park of the ARPA
Mountaintop program.

The sequential General benchmark program was originally written by Tony
Adams on 8/30/93.

The procedure fft () implements an n-point in-place decimation-in-time
FFT of complex vector "data" using the n/2 complex twiddle fzactors in
“w_common". The implementation used in this procedure is a hvbrid between
the implementation in the original sequential version of this program and
the implementation suggested by MHPCA. This modification was made to
improve the performance of the FFT on the SPZ. .

The procedure bit_reverse () implements a simple (but somewhat inefficient)
bit reversal.

clude "defs.ﬁ“

£fe ()
inputs: datea, w_common, n, logn
outputs: data

d fft (data, w_common, n, logn)
COMPLEX *data, *w_common;
int n, logn;

/* ffe */
HE dnerves; e, i1, 32, o, €1, £2, €3;

float £0, f1;
void bit_reverse();

/t

*

Begin function body: fft ()

Bit-reverse the input vector.

L¥S

(

/'l

-

void) bit_reverse (data, n);

Do the first log n - 1 stages of the FFT.

By

i

2 = logn;
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for (incrvee = 2; incrvec < n; inervec <<= 1)
{ /* tor (incrvec...) */

R LR

for (i0 0; 10 < incrvee »>> 1; iD44)

{ /% for (0. .) %S

for (il = 0; i1 < n; i1 += incrvec)
( /% for (il...) */

£l = i0 + i1 + incrvec / 2;
£2 = 10 << i2;
t3 = 10 &+ i1;
f0 = data[tl].real * w_common(t2].real

data[tl].imag * w_common([t2].imag;

f1 = data([tl).real * w_common(t2].imag

data(tl].imag * w_common([t2].real;
dataltl].real data[t3] .real - f0;
data([tl].imag datalt3].imag - f£1;
data([t3].real data[t3].real + f[0;
data[t3].imag data([t3] .imag + f[1;
} /* for (ii...) */
1 J* for (i0...) *¢
} [/* for (incrvec...) */

b | I O { A )

/*
* Do the last stage of the FFT.
L

for (i0 = 0; i0 < n / 2; i04+)
{ /* for (10...) */
£l = 10 # n / 2
f0 = dataltl].real * w_common[iO].real -
data(tl]).imag * w_common([iQ].imag;
fl1 = data[tl].real * w_common(i0].imag +
data(tl].imag * w_common([i0].real;

data[tl].real = data[i0).real - f0;
data(tl].imag = data[iO].imag - f1;
data[i0]).real = dataliO).real + fO;
data[i0].imag = data[iO).imag + f1;
1 4% for (i0..:) 2/
¥ f* £ft =/
/*

* bit_reverse ()
32 inputs: a, n

outputs: a
*f

void bit_reverse (a, n)
COMPLEX *a;
int n;

{
e i; 3 K

/:t
* Begin functien body: bit_reverse ()
x/

J =0
for (1 = 0; 1 <m = 24 144)
{
if (1< 9)
SWAP(alil, alil);
K =n > 1;
while (k <= j)
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1.6 read_input_SORT_FFT.c

read_input_8S8ORT_FFT.c

This file contains the procedure read_input_ SORT _FFT (), and is part of
the parallel General benchmark program written for the IBM SP2 by the
STAP benchmark parallelization team at the University of Southern California

(Prof. Kal Hwang, Dr. Zhiwei Xu, and Masahiro Arakawa), as part of the ARPA
Mountaintop program.

The sequential General benchmark program was originally written by Tony
Adams on 8/30/93.

The procedure read_input_SORT_FFT () reads the input data files (containing
the data cube and the steering vectors).

In this parallel version of read_input_S8ORT_FFT (), each task reads its
portion of the data cube in from the data file simulatenously. In order to
improve disk performance, the entire data cube slice is read from disk, then
converted from the packed binary integer format to the floating point

number format.

Each complex number is stored on disk as a packed 32-bit binary integer.
The 16 LSBs are the real portion of the number, and the 16 MS3s are the
imaginary portion of the number.

The steering vector file contains the number of PRIs in the input data,
the target power threshold, and the steering vectors. The datz is stored
in ASCII format, and the complex steering vector numbers are stored as
alternating real and imaginary numbers.

#include "stdio.h"
finclude "math.h"
#include “defs.h"

#iin

clude <sys/types.h>

ffinclude <sys/time.h>
finclude <mpproto.h>

fiifdef DBLE

char *fmt = "%1f"“;
ffelse

char *fmt = *%f";
ffendif

extern int taskid, numtask, allgrp;

e % oW w * & % % ¥

read_input_SORT_FFT ()
inputs: data_name, str_name
outputs: v4, data_cube

data_name: the name of the file containing the data cube

str_name: the name of the file containing the input vectors
vd: storage for Lhe v4d vector
data_cube: input data cube



*/

read_input_SORT_FFT (data_name,
char data_name|[];
COMPLEX data_cubel] [DIM1][DIM3];

data_cube)

Variables

diml, dim2, dim3: dimension 1, 2, and 3 in
temp: buffer for binary input integer data
templ, tempZ: holders for integer data
f_templ, f_temp2: holders for float data
junk: a temporary variable
f_power: holder for float power data
i, j, k: loop counters
local_int_cube: the integer version of the
blklen, rc: variables used for MPL calls
4

¥ ook W @ ok % 4 o % % H @ #

int diml
int dim2
int dim3
unsigned int temp(l];
long int templ, temp2;
float f_templ, f_temp2;
float f[_pwr;

ing 4, 3. ki

FILE *fopen();

FILE *f_dat;

DIML;
DIM2 ;
DIM3;

noun

the input cube, respectively

local portion of the data cube

unsigned int local_int_cube([DIM3] [DIM2] [DIM1];

long blklen, rc;

* Begin function body: read_input_SORT_FFT ().
5 :

* Read in the data_cube file in parallel.
*f

if ( (f_dat =
(

fopen (data_name, "r"))

== NULL)

printf ("Error - task %d unable to open data file.\n", taskid):

exit (-1);
)

fseek (f_dat, taskid * diml * dim2 * dim3 * sizeof (unsigned int), 0);

fread (local_int_cube,

sizeof (unsigned int), diml * dim2 * dim3, f_dat);

fclose (f_dat);
/*
*/Convert data from unsigned int format to floating point format.
*
for (k = 0; k < dim3; k++)
for (j = 0; j < dim2; Jj++)
for (i = 0; i < diml; i+4)
{
temp(0) = local_int_cubelk] [j][i];
templ = Ox0000FFFF & temp(0];
templ = (templ & 0x00008000) ? templ | OxfEff0000 templ;
temp2 = (temp[0] >> 16) & Ox0000FFFF;
temp2 = (CempZ & 0x00008000) 2 temp2 | OxEfEfFfO000 temp2;
data_cube[g]l;][k].real = (float) templ;
] data_cube[j] [1]1[k].imag = (float) temp?;
return;



A.1.7 defs.h

/* defs.h */

/* 94 Aug 25 - We added a #idefine macro to compensate for the lack of a * ]
e log2 function in the IBM version of math.h */
/* 94 Sep 13 - We added a definition for number of clock ticks per *
i* second, because this varies between the Sun 0S and the IBM */
/* AIX 0S. %4
/* Sun 0OS version - 60 clock ticks per second *f
ffifdef SUN

#define CLK_TICK 60.0

ffendif

/* IBM AIX version - 100 clock ticks per second *f
#ifdef IBM

fidefine log2(x) ((log(x))/(M_LN2))
#define CLK_TICK 100.0
fendif

f{ifdef DBLE
fidefine float double
#fendif

typedef struct {
float real;
float imag;

} COMPLEX;

/* used in new Eft */
#define SWAP(a,b) {float
swap_temp=(a).real; (a).real=(b).real; (b).real=swap_temp;\

swap_temp=(a) .imag; (a) .imag=(b).imag; (b) . imag=swap_temp; }

fidefine NN 64 /* XXXuuuuuu =/
#define PRI_CHUNK (PRI/NN) /* XXXXXUU >/

#define AT_LEAST_ARG 2
fidefine AT_MOST_ARG 4
#define ITERATIONS_ARG 3
tdefine REPORTS_ARG 4

tdefine USERTIME(T1,T2) ((£2.tms_utime-tl.tms_utime) /CLE_TICK)

tdefine SYSTIME(T1,T2) ((t2.tms_stime-tl.tms_stime) /CLE_TICK)

#idefine USERTIME1 (T1,T2) ((time_end.tms_utime-time_start.tms_utime) /CLK_TICK)
ffdefine SYSTIMEL(T1,T2) ({time_end.tms_stime-time_start.tms_stime)/CLK_TICK)
fidefine USERTIMEZ2(T1,7T2) ((end_time.tms_utime-start_time.tms_utime)/CLK_TICK)
fidefine SYSTIMEZ2(T1,T2) ((end_time.tms_stime-start_time.tms_stime)/CLE_TICK)

#ifndef LINE_MAX
fdefine LINE_MAX 256
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fendif
#define
fidefine

fidel ine

fidelfine
fidefine
fdefine
fidefine
fidefine
fidefine
idefine
fdefine
fidefine
fidefine
#fdefine
fdefine

fdefine

TRUE 1
FALSE 0
COLS 1536
MBEAM
ABEAM 20
PWR_BM 9
V1 64

V2 128

V3 COLS

V4 V1

DIM1 V1
DIM2 128
DIM3 V3/NN

12

NUM_MAT 32

/
Iz
!
L
/l

Maximum nu
in house.c
NMumber ol
Number of
Number of

mber
[ar
main

o1
ma x
beams

O

lumns

columns

4

auxiliary heams

max

power

beams

in holding

in Houscholdsr

*d
o,

veos

ot A

ﬁulLiﬁly L

/* Number for dimensionl in input data cube */
/* Number for dimension2 in input data cuke </
/* Number for dimension3 in input data cubzs =/
DOP_GEN 2048 /* MAX Number of dopplers after FFT */
PRI_GEN 2048 /* MAX Number of points for 1500 data peints FFT */
zero filled after 1500 up to 2048 points </

/*
/* Number of matrices to do householde on ~/

/* NUM_MAT must be less than DIM2 above */

#ifdef APT

#define PRI 256 /* Number of prig in input data cube */ e
#define DOP 256 /* Number of dopplers after FFT */
/* fidefine RNG 280 */ /* Number of range gates in input datz cube */

#idefine RNG 256 /* Number of range gates in input data cube =/

#define EL 32 /* number of elements in input data cube */

#define BEAM 32 /* Number of beams */

#define NUMSEG 7 /* Number of range gate segments */

#define RNGSEG RNG/NUMSEG /* Number of range gates per segmen: */

#define RNG_S 320 /* Number sample range gates for lst step beam forming */
#idefine DOF EL /* Number of degrees of freedom */ .

extern COMPLEX t_matrix[BEAM] [(EL]; /* T matrix */

ffendif

#ifdef STAP

#define PRI 128 /* Number of pris in input data cube =/

#define DOP 128 /* Number of dopplers after FFT #/

#define RNG 1250 /* Number of range gates in input data cube ~.
#define EL 48 /* number of elements in input data cube */
#define BEAM 2 /* Number of beams */

#define NUMSEG 2 /* Number of range gate segments */

fdefine RNGSEG RNG/NUMSEG /* Number of range gates per segment ~/
fidefine RNG_S 288 /* Number of sample range gates for beam forming */
#tdefine DOF 3*EL /* Number of degrees of freedom */

fendif

ffifdef GEN

fdefine EL V4
#define DOF EL

fiendif

extern int output_time; /* Flag if set TRUE, output execution times */
extern int output_report; /* Flag if set TRUE, output data repost files */
extern int repetitions; /* number of times program has execuz=3 +/
extern int iterations; /*

number of times to execute program =/

Lypedef struct max_index
{
fleoat value ;
int locl, loe2,
I THNDEXED_MAX ;

loc3 ;
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extern void xu_index_max ( inl, in2, out, len )
!NUHKHD_MAK in1[], in27], oult [1];
int *len ;
{
int i, n ;
n = *len/sizeof (int)
Lor (i=0; i<n; i44)

¢

{
if (inl(i].value > in2[i].value)
{
out[i].value = inl[i].value ;
out[i].loecl = inl[i].loct;
outi).lec2 = inl[i].loc2;
out[i].loc3 = inl(i].loe3;
)
else
{
out[i].value = in2{i).value ;
out[i].locl = in2([i].loecl;
out[i].loc2 = in2([i].loc2;
out[i].loc3 = in2[i].loe3;
)
}

A.1.8 compile_sort

mpce -03 -garch=pwr2 -DGEN -DIBM -0 gen bench_mark_SORT_FFT.c pubble_sort.c
cmd_line.c fft.c read_input_SORT_FFT.c -1m

A.1.9 run.128

poe gen /scratchl/masa/vec_data -procs 128 -us

A.2  Vector Multiply Subprogram

A.2.1 bench_mark VEC.c

/t

* bench_mark _VEC.c

x/
/*

* Parallel General Benchmark Program for the IBM SP2

T o i i e e s e e S S TS e e e - = - - PO S —

*

* This parallel General benchmark program was written for the IZM SP2 by the
* STAP benchmark parallelization team at the University of Southzr

* California (Prof. Kai Hwang, Dr. Zhiwei Xu, and Masahiro Arakszwa), as
%

part of the ARPA Mountaintop prograim.
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ffinclude
#include
#finclude
#include
finclude
#include
#include
finclude

/*
* main
*

54

The sequential General benchmark program was originally writtoen by Tony

on 8/30/93.

file contains the procedure main (), and represents the body ol the
al Vector Multiply subprogram.

subprogram's overall structure is as [ollows:

Load data in parallel.

Perform DIM1*DIM3 DIM2Z-element vector multiplications using vector v2.

Each task searches its slice of the data cube for the largest element.

Perform a reduction operation to find the largest element in the entire

data cube.

Perform DIM2*DIM3 DIMl-element vector multiplications using vector vil.

Each task searches its slice of the data cube for the largest element.

Perform a reduction operation to find the largest element in the entire

data cube.

Redistribute the data cube using a total exchange operation.

Perform DIM1*DIM2 DIM3-element vector multiplications using vector v3.
Each task searches its slice of the data cube for the largest element.
Perform a reduction operation to find the largest element in the
entire data cube.

program can be compiled by calling the shell script compile_vec.

Because of the nature of the program, before the program is compiled, the
header file defs.h must be adjusted so that NN is set to the number of
nodes on which the program will be run. We have provided a defs.h file for

power of 2 node size from 1 to 256, called defs.001 to defs.256.

program can be run by calling the shell script run.###, where ### is

the number of nodes on which the program is being run.

Unlike the original sequential version of this program, the parallel General
program does not support command-line arguments specifying the number of
times the program body should be executed, nor whether or not timing
information should be displayed. The program body will be executed once,

he timing information will be displayed at the end of execution.

The input data file on disk is stored in a packed format: Each complex
number is stored as a 32-bit binary integer; the 16 LSBs are the real
half of the number, and the 16 MSBg are Che imaginary half of the number.
These numbers are converted into floating point numbers usable by this
benchmark program as they are loaded from disk.

teering vectors file has the data stored in a different fashion. All
in this file is stored in ASCII format. The first two numbers in this

file are the number of PRIs in the data set and the threshold level,
respectlyely. Then, the remaining data are the steering vectors, with
alternating real and imaginary numbers.

“stdio.h"
"math.h"
"defs.h"
<sys/types.h>
<sys/times.h>
<mpproto.h>
<sys/time.h>
<time.h>

(

inputs: arge, argv
* outputs: none
"
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main (arge, argv)
int arge;
char *argv]};

Variables

data_cube: input data cube

new_cube: indexed data cube

data_vector: used in the inex step

vl, v2, v3: vectors used during the vector multiplications

tl, t2: holders for the time function return in seconds

diml, dim2, dim3: dimensions 1, 2, and 3 of the input data cube

locl, loc2, loc3: holders for the location of the maximum encry

temp: buffer for binary input integer data

[_templ, f_temp2: holders for floal data

f_pwr: holder for float power data

i, 3, k, n, offset, r: loop counters

max: float variable to hold the maximum of complex data

max_pwr: holder for max fleoat power data

real_prt, imag_prt: pointers to float data

xreal, ximag: holding vectors for vector multiply

vreal, vimag: holding vectors for float vectors vl, v2, and v3

index_max, g_index_max: data structures with the location and power of the
largest element (locally and globally, repectively)

data_name, str_name: holders for the names of the files containing the
input data cube and the vectors, respectively

totals: holders for DIM1 totals

global_totals: holders for the global DIM1 totals

sum: COMPLEX variable to hold the sum of complex data

blklen: block length :

rc: return code from an MPL call ' ~

taskid: identifier for this task

numtask: total number of tasks running this program

nbuf: a buffer to hold data returned by mpc_task_guery

allgrp: the identifier for the group encompassing all the tasks running
this program

source, dest, type, nbytes: used by point-to-point communications

Bk B % M OE B N % ok W % % % o % % % o H ¥ % H ok ¥ % ¥ % % * 4 % F a4 &

~

COMPLEX data_cube[DIM2] [DIM1] [DIM3];
COMPLEX new_cube [DIM1] [DIM2/NN] [DIM3*NN];
COMPLEX data_vector[DIM2*DIM1*DIM3];
COMPLEX wv1([V1];

COMPLEX v2[V2];

COMPLEX v3[V3];

struct tms tl,t2;

int diml = DIM1;
int dim2 = DIM2;
int dim3 = DIM3;

int locl,loc2,loc3;

unsigned int temp[l];

float f_templ, f_temp2;

float f_pwr;

int i, j, k, n, offset, r;
float max;

float max_pwr;

float *real_ptr, *imag_ptr;
float xreal [COLS], ximag[COLS];
float vreal [COLS], vimag[COLS];
float *vreal_ptr, *vimag_ptr;
INDEXED_MAX index_max{l), g_index_max(1] ;
char data_namelLINE_MAX];

char str_name [LINE_MAX];

FILE *fopen():

floall totals[DIML];

float global_totals[DIM1];

A-37



COMPLEX sum;

int blklen;

ihg rés

int taskid;

int. numtask;

int nbuf(4];

int allgrp;

int source, dest, type, nbytes;

/!
* Timing variables.
=

struct timeval tv0, CLvl, tv2;
struct tms all_start, all_end;
float all_user, all_sys;

float all_user_max, all_sys_max;
float all_wall, task_wall;

struct tms disk_start, disk_end;
float disk_user, disk_sys;

float disk_user_max, disk_sys_max;
float disk_wall, disk_wall_max;

struct tms index_start, index_end;
float index_user, index_sys;

float index_user_max, index_sys_max;
float index_wall, index_wall_max;

struct tms vecl_start, vecl_end;
float vecl_user, vecl_sys;

float vecl_user_max, vecl_sys_max;
float vecl_wall, vecl_wall_max;

struct tms vec2_start, vec2_end;
float vec2_user, vec2_sys;

fleoat vec2_user_max, vec2_sys_max;
float vec2_wall, vec2_wall_max;

struct tms vec3_start, vec3_end;
float vec3_user, veci_sys;

float vec3_user_max, vec3_sys_max;
float vec3_wall, vec3_wall_max;

/t
* Externally defined functions.
*y

extern void cmd_line();
extern void read_input_VEC();

/*
* Begin function body: main ()
*
* Initialize for parallel processing. Here, each task or node determines its
* task number (taskid) and the total number of tasks or nodes running this
* program (numtask) by using the MPL call mpc_environ. Then, each rtask
* determines the identifier for the group which encompasses all tasks or
* nodes running this program. This identifier (allgrp) is used in collective
* communication or aggregated computation operatiens, such as mpc_index.
*/
gettimeofday (&tv0, (struct timeval*)0); /* before time -/
re = mpe_enviren (&numtask, staskid);
1f (re == -1)

{
print{ ("Error unable Lo call mpe_enviren.\n");
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eXit (~L);

L (numtask = NM)
{
if (taskid == 0)
{

pr?utl ("Error - task number mismatch... check defs.h.\n*);
exit (=1);

rc = mpc_task_guery (nbuf, 4, 3);
if (re == -1)
{
printf ("Error - unable Lo call mpc_task_guery.\n");
exit (-1);
}
allgrp = nbuf([3);

if (taskid == 0)
{
printf ("Running...\n");

gettimeofday (&tv2, (struct timeval*)0); /* before time */

task_wall = (float) (tv2.tv_sec - tv0.tv_sec) * 1000000 + tv2.tv_usec
- tv0.tv_usec;

times (&all_start);

/*

Get arguments from command line. In the sequential version of the program,
the following procedure was used Lo extract the number of times the main
computational body was to be repeated, and flags regarding the amount of
reporting to be done during and after the program was run. In,this paralle

program, there are no command line arguments to be extracted except for the
name of the file containing the data cube.

% ¥ * ¥ % W

cmd_line (argc, argv, str_name, data_name);

/*

* Read input files. In this section, each task loads its portion of the data
* cube from the data file.

LY |

if (taskid == 0)
{
printf (" loading data...\n");
}

mpc_sync (allgrp);
times (&disk_start);

gettimeofday (&tvl, (struct Limeval*)0); /* before time */
read_input_VEC (data_name, str_name, v1, v2, v3, data_cube) ;
gettimeofday (&tv2, (struct timeval*)0); /* after time */

disk_wall = (fleoat) (tv2.tv_sec - tvl.tv_sec) * 1000000 + tv2.tv_usec
- tvl.tv_usec;

times (&disk_end) ;
/t

* Start Vector Multiplication steps.
*f

if (taskid==0)
printf("VECTOR multiply data_cubd by vl.,v2.v3 and output largest
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’l»
* perform DIM1*DIM3 DIM2 element vector multiplies using vector v2.
*/
if (taskid == 0)
printf ("Perform %d+*%d number of %d element multiplies by vector v2\n",
DIM1, DIM3*NN, DIM2 );

times (&vec2_start);

gettimeofday (&tvl, (struct timeval*)0); /* before time */
/*
* Initialize max_pwr = 0.0 and location = 0,0,0.
*y
max_pwr = 0.0;
locl = 0;
loc2 = 0;
loc3 = 0;
/*

* Move vector v2 into holding vectors for the use of pointers.
*f

vreal_ptr vreal;
vimag_ptr = vimag;
for (n = 0; n < V2; n++)
{
*vreal _ptr++
*vimag_ptr++

v2([n].real;
v2[n].imag;

}
for (1 = 0; i < diml; i++)
for (k = 0; k < dim3; k++) .
{ : <
real_ptr = xreal;

imag_ptr = ximag;

vreal_ptr = vreal;

vimag_ptr = vimag;

for (j = 0; j < dim2; F++)
{

*real_ptr++ = data_cube([j][i][k].real * *vreal_ptr -
Idata_cube[jl[i][k].imag * *vimag_ptr;

*imag_ptr++ = data_cube(j][i] (k].real * *vimag_ptr++ +
data_cube[j] [i] [k].imag * *vreal _ptr++;

/*
* Find the element with the largest magnitude in this task's slice of the
* data cube.

real_ptr xreal;
imag_ptr ximag;

for (j = 0; j < dim2; j++)
{

mnn

f_pwr = *real_ptr * *real_ptr + *imag_ptr * *imag_ptr;
*real_pCr++;
*imag_ptr++;
if (max_pwr < [_pwr)
{

max_pwr = f{_pwr;

lect = i

loc2 =

1;
3l
loc3 k;
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*oprintli(“task %d linds max %1 at %d %d sd\n",

Ltaskid, max_pwr, locl, loc2, loc3):
il
!ndex_maxlUl.value = max_pwr;
index_max[0].locl = loel;
index_max[0].loc2 = loc2;
index_max[0].loc3 = loc3 + Laskid * dim3;

/*

* Now aggregate to get the global maximum (the element with the largest
* magnitude in the entire data cube).

*if

rc = mpc_reduce (index_max, g_index_max, sizeof (INDEXED_MAX), 0
xu_index_max, allgrp);
if (rc == -1)
{
printf ("Error - unable to call mpc_reduce.\n");
exit (-1});
}
gettimeofday (&tv2, (struct timeval*)0); /* after time */
vec2_wall = (float) (tv2.tv_sec - tvl.tv_sec) * 1000000 + tv2.tv_usec
- tvl.tv_usec;

i

times (&vec2_end);

if (taskid == 0 )
{
max_pwr = g_index_max[0].value ;
locl g_index_max[0].locl ;
loc2 g_index_max(0].loc2 ;
loc3 = g_index_max[0].loc3 ; .
printf ("Max value for v2 vector multiply = %f\n", max_pwr);
printf ("“Location = %d %d %d\n", locl, loc2, loc3);

non

/t
* perform DIMZ2*DIM3 DIM1 element vector multiplies using vector vi.
*/
if (taskid==0)
printf ("Perform %d*%$d number of %d element multiplies by vector vl\n",
DIM1, DIM3*NN, DIM2 );

times (&vecl_start);

gettimeofday (&tvl, (struct timeval*)0); /* before time */
/* “

* Tnitialize max_pwr = 0.0 and location = 0,0,0.

*7

max_pwr = 0.0;

locl = 0;

Yac2 = 03

loc3 = 0;

/% ) )
* Move vector vl into holding vectors for the use of pointers.
i’ {

vreal_ptr vreal;

vimag_ptr vimag;

for (n = 0; n < V1; ne+)
{

won

*vreal_ptr+:

vln].real;
*vimag_ptri+ 1[n]

. lmag;

)
for (j = 0; j < dim2; j++)
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for (k = 05 k <
(

real_ptr = X
imag_plLr = x

vreal _ptr =

vimag_pLr =

for (i = O3

{

*real_pt
data_c
*imag_pt

dim3; k++)

real;

imag;

vieal ;

vimag;

1 < diml; i++)

r++ = data_cube[j] [i][k].real * *vreal_ptr -
ube[j] (1] (k].imag * *vimag_ptr; .
r++ = data_cube(j]l[i] (k].real * *vimag_ptr++ +

data_cube(j] [i][k].imag * *vreal ptr++;

/t
* Find the element
* data cube.

with the largest magnitude in this tasks's slice of

04
real_ptr = xreal;
imag_ptr = ximag;
for (i = 0; i < diml; i++)
[ .
f_pwr = *real_ptr * *real_ptr + *imag_ptr * *imag_ptr;
*real _pLr++;
*imag_ptr++;
if (max_pwr < f{_pwr)
(
max_pwr = f_pwr;
locl = 1i;
loc2 = j:
lLoed = k;
}
} %
)
/* B " -
* printf("task %d finds max %f at %d %d %d\n",
* taskid, max_pwr, locl, loc2, loc3);
xy

index_max[0].value = max_pwr;

index_max[0].locl
index_max (0] .loc2
index_max([0] .loc3

/*

* Now aggregate to
* magnitude in the
*/

rc = mpc_reduce (index_max, g_index_max, sizeof (INDEXED _MAX), 0
xu_index_max, allgrp);

if (re == -1)
{

lecl;
loc2;
loc3 + taskid * dim3;

wonou

get the global maximum (the element with the largsst
entire data cube).

‘

printf ("Error - unable to call mpc_reduce.\n");

exit (-1);
}
gettimeofday (&tv2, (struct timeval*)0); /* after time */
vecl_wall = (float) (tv2.tv_sec - tvl.tv_sec) * 1000000 + tv2.cv_usse

- tvl.tv_usec;
times (&vecl_end);

if (taskid == 0)
(

max_pwr = g_index_max[0].value
locl = g_index_max|[0].locl
loc2 = g_index_max[0].loc2

’

‘
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loed = g_index_max(0].loed ;
printt (*Max value [or v2 vector mull iply SANNY . maz_pwr);
printf(*Location = %d %d %d\n*, locl , loct, locd);

I

/I
% ln@ex data_cube [DIM2) [DIM1] [DIM3] to new_cuba [DIMD] [DIM2/NN] [DIM3*NN] .

This total exchange operation is needed so Lhat each task has all the data

along the DIM3 dimension (the dimension along which the last set of vector

* multiplications is performed). ‘

ey

*

*

1f (taskid == 0)
(
printf (* indexing data cube...\n");
)

mpc_sync (allgrp);
times (&index_start);
gettimeofday (&tvl, (struct timeval*)0); /* before time */

rc¢ = mpc_index (data_cube, data_vector,
DIM1 * DIM2 * DIM3 * sizeof (COMPLEX) / NN, allgrp);

if (rc == -1)
printf ("Error - unable to call mpc_index.\n");
exit (-1);
}
if (taskid == 0)
{

‘ printf (" rewinding data cube...\n"});

} ' ~
mpc_sync (allgrp): 5 .
offset 0;
for (n 0; n < NN; n++)

e

for (j= 0 ; j < DIM2/NN; j++)
for (i = 0; i < DIM1 ; i++)
for (k =n * DIM3; 'k < (n + 1) * DIM3 ; kis)
{
new_cube[i] [])
new_cube[i]) []]
of fset++;
)
gettimeofday (&tv2, (struct timeval*)0); /* after time */
index_wall = (float) (tv2.tv_sec - tvl.tv_sec) * 1000000 + twv2.tv_usec
- tvl.tv_usec;

[k].real = data_vector|offset].real;
[k].imag = data_vector|[offset].imag;

times (&index_end);

/ir
* perform DIM1*DIM2 DIM3 element vector multiplies using vector v3.
i

if (taskid==0)
printf {("Perform %d*%d number of %d element multiplies by vector w3\n",
DIM1, DIM2, DIM3*NN );
times (&vec3_start);

gettimeofday (&tvl, (struct timeval*)0); /* before ctime */
/i

* Initialize max_pwr = 0.0 and location = 0,0,0.

b

max_pwr = 0.0;

lecl = 0

loc2 = 0;
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loc3 o;

/ ‘

* Move vector v3 inteo holding vectors for the use of pointers.
/

vreal_ptr = vreal;

vimag_ptr = vimag;

for (n = 0; n < V3; n++)

{
*vreal ptr++
*vimag_ptr++
}
for (i = 0; 1 < diml; i++)
for (j = 0; j < dim2/NN; j++)
(

vi[n].real;
vi[n].imag;

inn

real_ptr = xreal;

imag_ptr ximag;
vreal_ptr = vreal;
vimag_ptr = vimag;

for (k = 0; k < dim3*NN; k++)
{
*real_ptr++ = new_cube[i) (j][k].real * *vreal_ptr -
new_cube[i][j] [k].imag * *vimag_ptr;
*imag_ptr++ = new_cube[i] [j](k].real * *vimag_ptr++ +
new_cube(i] [j] [k].imag * *vreal_ptr++;

/1:
* Finding the element with the largest magnitude in this task's slice of the
* data cube.
LI

real_ptr = xreal; ’ B
imag_ptr = ximag;
for (k = 0; k < dim3*NN; k++)
{ - :

f_pwr = *real_ptr * *real_ptr + *imag_ptr * *imag_ptr;

*real _ptr++;

*imag_ptr++;

if (max_pwr < f_pwr)

{

max_pwr = f_pwr;
locl = i;

logZ = j;

loc3 =

]

/*
* printf("task %d finds max %f at %d %d %d\n",

* taskid, max, locl, loc2, loc3);
=y

index_max[0].value = max_pwr;

index_max[0].locl = locl;
index_max[0].loc2 = loc2 + taskid * dim2 /NN;
index_max[0).loc3 = loc3;

/x
* Now aggregate to get the global maximum {the element with the largest

* magnitude in the entire data cube).
*/

re = mpc_reduce (index_max, g_index_max, sizeof (INDEXED_MAX), 0,
x¥u_index_max, allgrp);
1f (rc == -1)
(
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printl ("Error unabhle to call

! mpe_reduce.\n*) ;
ewil (=1);
)
qeLyimeoLday[gtvz, {struct timeval*)0); /* after Lims £f
vecd_wall = (float) (Lv2.Lv_sec Lvl.tv_sec) * 1000000 + t+vl.ov usec
Lv].tv_usec; -
times {&vecld_end) ;
gettimeofday (&uv2, (struct Limeval*)0); /* after time =/
all_wall = (float) (tv2.tv_sec - LvD.tv_sec) * 1000000 4+ tv2.tv_usec

- tv0.tv_usec;
times(&all_end) ;

if (taskid == 0)
{

max_pwr = g_index_max[0].value;

loel = g_index_max[0].locl;
loc2 = g_index_max[0].loc2;
loc3 = g_index_max[0].loc3;

printf(*Max value for vl vector multiply = %f\n", max_pwr);
printf("Location = %d %d %d\n", locl, loc2, loc3);

/*
* Compute all times.
%/

all_user = (float) (all_end.tms_utime - all_start.tms_utime) /100.0;
all_sys = (float) (all_end.tms_stime - all_start.tms_stime)/100.0;

ITc = mpc_reduce (&all_user, &all_user_max, sizeof (float), 0, s_vmax,allgrp);
if (re == -1)

{ .
printf ("Error mpc_reduce.\n"); ‘ .
exit (-1);
)
rc = mpc_reduce (&all_sys, &all_sys_max, sizeof (float), 0, £_vmax,allgrp):
1€ (re == =1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
}

/*
* Compute disk times.
3
rc = mpc_reduce (&disk_wall, &disk_wall_max, sizeof(float), o, g_vmax,
allgrp);
if (rc == -1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
disk_user = (float) (disk_end.tms_utime - disk_start.tms_gtime)/100.0;
disk_sys = (float) (disk_end.tms_stime - disk_start.tms_stime)/100.0;
rc = mpc_reduce (&disk_user, &disk_user_max, sizeof (float), O, S_vmax,
allgrp):
if (ro == -1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
)
rc = mpc_reduce (&disk_sys, &disk_sys_max, sizeof (fleoat), C, s_vrmax,allgrp);
if (rc == -1)

{
printf ("Error mpc_reduce.\n");
exit (-1);
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/t
Y Compulbe vee]
Wil

e =

Limes.

mpe_reduce (&vecl_wall,
allgrp);

il {re ==

{

=1

tvecl_wall_max, sizeof({float), 2, S_vmax,

printf (“Error mpc_reduce.\n*) ;

exit

}
vecl_user -
vecl_sys =

(=1);
(float)

if (taskid==0)

printf(*vecl sys = &f

(vecl_end. tme
(float){vecl_end.tms_st

user = %f\n",

utime - vecl_start.tms_utime)/100.0;
ime - vecl_start.tms_stime}/100.0;

veclhsys,vecl_user);

&vecl_user_max, sizeof (float), 0, s_vmax,

I'c = mpc_reduce (&vecl_user,
allgrp);
if (re == -1)
{
printf (“Error mpc_reduce.\n") ;
exit (-1);
rc = mpc_reduce

1f (re == =1)
{

(&vecl_sys, &vecl_sys max, sizeof (Eloat), o,

s_vmax,;allgrp);

printf (“Error mpc_reduce.\n") ;

~

&vec2_wall_max, sizeof(float); 0, s_vmax,

exit (-1);
}
/*
* Compute vec? times.
x/
rce = mpc_reduce (&vec2_wall,
allgrpy;
if (rc == -1)
{
printf ("Error mpc_reduce.\n") ;
exit (-1);
vecZ_user = (float)

vec2_sys = (float) (vec
rec =

2_end.
mpe_reduce (&vec2_user,
allgrp);
if (rc == =1)
{
printf ("Error
exit (-1);

rc = mpc_reduce (&vec2_sys,
if (re ~1)
{

&vec2_sys_max, sizeof (float), 0

(vecZ_end.tms_utime - vecz_start.tms_utimeJ/100.0;
Lms_stime - veczqstart.tms_stime}/100.0;

kvecl_user_max, sizeof (Eloat), o0, s_vmax,

mpc_reduce.\n") ;

¢+ S_vmax,allgrp);

&vec3_wall_max, sizeof(float), 0, s_vmax,

printf ("Error mpc_reduce.\n") ;
exit (-1);
/l

* Compute vec3 times.

)

re = mpe_reduce (&vec3_wall,

allgrp);
if (re == =1)

{
printf ("Error
exit (-1);

)

vecli_user =
veeld_sys =

(float)

(vec3_end.tms_utime -
(float)(vec3_end.tms_stjme

mpe_reduce. \n*) ;

vec3%start.tmsqutime)/lO0.0;
vecB_starL.tms_stime)/100.0;
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re = mpe_reduce (&vecl3_user, kvec3_user_mayx, sizeof (float), 0, s vmax,
allgrp) ; -
1€ (re ==
{
printl ("Error mpc_raduce. \xn");
exit (=1):
}
?E T mchre??ce (&vecd_sys, Lvecld_sys_max, sizeof (floal), 0, s_vmax,allgrp);
i TE ==

{
printf ("Error mpc_reduce.\n") ;
exit (-1);

}

/-r
* Compute index times.
£y

rc = mpc_reduce (&index_wall, &index_wall_max, sizeof (float), 0, s_vmax,
allgrp) ;
if (rc == -1)
{
printf ("Error mpc_reduce.\n") ;
exit (-1);
)
index_user = (float) (index_end.tms_utime - index_start.tms_utime)/100.0;
index_sys = (float) (index_end.tms_stime - index_start.tms_stime) /100.0;
rc = mpc_reduce (&index_user, &index_user max, sizeof (float), 0, s_vmax,
allgrp);
if (rec == -1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
rc = mpc_reduce (&index_sys, &kindex_sys_max, sizeof (float), 0, s_vmax,
allgrp);
if (rec == -1)
{
princtf ("Error mpc_reduce.\n");
exit (-1);
}

/t
* Display timing information.
*f

if (taskid == 0)
{
printf ("\n\n*=** CPU Timing information - numtask = %d\n\n", NN) ;
Q.

printf (" all_user_max = %.2f s, all_sys_max = $.2F g\n~,
all_user_max, all_sys_max);

printf (* disk_user_max = %.2f s, disk_sys_max = %.2f s\n~,
disk_user_max, disk_sys_max);

printf (" wvecl_user_max = %.2f s, vecl_sys_max = %.2f s\n*,
vecl_user_max, vecl_sys_max);

printf (" vec2_user_max = %.2f s, vec2_sys_max = $.2EF gvn~,
veciz_user_max, vec2_sys_max);

printf (* wvec3_user_max = %.2f s, vecld_sys_max = %.2f s\n",
vec3_user_max, vec3_sys_max);

printf (" index_user_max = %.2f s, index_sys_max = %.2E s\n",
index_user_max, index_sys_max);

printf ("\n*** Wall Clock Timing information - numtask = %d\n\n", NN ;

printf (" all_wall = %.0f us\n", all_wall);

printf (* task_wall = %.0f us\n", task_wall);

printf (" disk_wall = %.0f us\n*, disk_wall_max);

printf (" veel_wall = %.0f us\n", vecl_wall_max);

printf (" wvec2_wall = %.0f us\n*, wvec2_wall_max);

printf (* wvec3_wall = %.0f us\n", vecl_wall_max);
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printf (* index_wall = %.010 us\n", index_wall_max);
}
exit {0}
)

A.2.2 ecmd_line.c

/*

*emd_line.c

i
/i:

* This file contains the procedure cmd_line (), and is part of the parallel
* General benchmark program written for the IBM SP2 by the STAP benchmark

* parallelization team at Lthe University of Southern California {Prof. Kai
* Hwang, Dr. Zhiwei Xu, and Masahiro Arakawa), as part of the ARPA Mountaintop
* program.

*

* The sequential General benchmark program was originally written by Tony

* Adams on 8/30/93.

*

* The procedure cmd_line () extracts the name of the files from which the

* input data cube and the steering vector data should be loaded. The

* function of this parallel version of cmd_line () is different from that

* of the sequential version, because the sequential version also extracted
* the number of iterations the program should run and some reporting

* options.

*y

#include “stdio.h*
#include "math.h"
finclude "defs.h"
finclude <sys/types.h>
#include <sys/time.h>

/*
* cmd_line ()

* inputs: arge, argv

* outputs: str_name, data_name

”

* argc, argv: these are used to get data from the command line arguments
= Str_name: a holder for the name of the input steering vectors file

* data_name: a holder for the name of the input data file

i3S

cmd_line (argc, argv, str_name, data_name)
int argc;
char *argv(];
char str_name [LINE_MAX] ;
char data_name [LINE_MAX] ;

{

/r
* Begin function bedy: emd_line ()
L7

Strepy (str_name, argv(l]);
strecat (str_name, “.strv);
strepy (data_name, argv[1]y);
strcat (data_name, *.dat*);
return;
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A.2.3 read_input_VEC.c

/!

&

~
+

% F 4 H F % o % o o

* Ak 4 A % ok % ko o % ¥ oA *

~

/

read_input_VEC.c

This file contains the brocedure read_input_VEC (), and is part of the
parallel General benchmark program written for the IBM 8Pz by the STAP
benchmark parallelization team at the University of Southern Calfornia
(Prof. Kai Hwang, Dr. Zhiwei Xu, and Masahiro Arakawa), as part of the ARPA
Mountaintop program.

The sequential General benchmark brogram was originally written hy Tony
Adams on 8/30/93.

The procedure read_input_VEC () reads the input data files {(containing the
data cube and the steering vectors).

In this parallel version of read_input_VEC (), each task reads its portion
of the data cube in from the data file simulatenously. In order to improve
disk performance, the entire data cube slice is read from disk, then
converted from the packed binary integer format to the floating point
number format.

Each complex number is stored on disk as a packed 32-bit binary integer.
The 16 LSBs are the real portion of the number, and the 16 MSEs are the
imaginary portion of the number.

The steering vector file contains the number of PRIs in the input data;
the target power threshold, and the steering vectors. The datz is stored
in ASCII format, and the complex steering vector numbers are stored as
alternating real and imaginary numbers. : t

#include "stdio.h*
f#include "math.h"
#include "defs.h"
finclude <sys/types.h>
finclude <sys/time.h>
#finclude <mpproto.hs

#ifdef DBLE

char *fmt = "%1f";
fielse

char #*#fmt = "%f»;
flendif

extern int taskid, numtask, allgrp;

/*
* read_input_VEC ()
* inputs: data_name, str_name
= outputs: vl1, v2, v3, data_cube
*
¥ data_name: the name of the file containing the data cube
* str_name: the name of the file containing the input vectors_
# vl, v2, v3: storage for the vl, v2, and v3 veclors, respectivsly
¥ data_cube: input data cube
Y
read_input_VEC (data_name, str_name, vi, v2, v3,; data_cube)

char data_name(]:
char str_name[);
COMPLEX v1[];
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COMPLEX v2([];

COMPLEX v3i[];
COMPLEX data_cube[ ] [DIML] [DIM3];
{
/l
* Variables
*
* diml, dim2, dim3: dimension 1, 2, and 3 in th
* temp: buffer for binary input integer data
* templ, temp2: holders for integer data
* £ templ, f_temp2: holders for float data
* junk: a temporary variable
* f_power: holder for float power data
* i, j, k: loop counters
* local_int_cube: the integer version of the lo
* blklen, rec: variables used for MPL calls
*
/
int diml = DIM1;
int dim2 = DIM2;
int dim3 = DIM3;
unsigned int temp[1];
long int templ, temp2;
float f_templ, f_temp2;
float junk;
float f_pwr;
int i, j, k;
FILE *fopen();
FILE *f_dat, *f_vec;
unsigned int local_int_cube[DIMJJ[DIMZI[DIMl];
long blklen, rc: .
/x
* Begin function body: read_input_VEC ().
*

* Read in the data_cube file in parallel.
*/

if ((f_dat
{

fopen (data_name, i

I

NULL)

printf (“Error - task 2d una
exit (-1);:
}

fseek (f_dat, taskid * diml
fread (local_int_cube,
fclose (f_dat);

/*

/*

i * dim2 * dim3 * sizeof
sizeof (unsigned int), dim1l

@ inpul cube, respectively

cal portion of the data cube

ble to open data file.\n*, taskid);

(unsigned int), 0);
* dim2 * dim3, f_dat);

* Convert the data from the unsigned integer format to floating point
* format.
*if
for (k = 0; k < dim3; k++)
for (j = 0; j < dimz; J44)
for (i = 0; i < dimi; i+4)
{
tmmW]:lmaLhmEMEM]HHih
templ = Ox0000FFFF & temp (0] ;
templ = (templ & 0x00008000) 2 templ | Oxffff0000 templ;
Lemp2 = (temp[0] »> 16) & O0x0000FFFF;
Lemp2 = (temp2 & 0x00008000) 2 temp2 | Oxffff0000 temp2;
data_cube(j][i] [k].real = (float) templ;
data_cube[jl[i][k].imag = (float) temp2;
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Y Open the vector file using the file pointer

iy
Il ((f_vec = fopen (sLr_name, "rv)) NULL)
{
prjutl (" Cant open input steering vector
exit (-1);
|
/t
*/Read the VECTORS from input file with vectors in vl,v2,
for (i = 0; i < v1; i+4)
fscanf (f_vec, fmt, &vl[i].real);
fscanf (f_vec, fmt, &v1[i].imag) ;

for (i = 0;
{
fscanf (f_vec,
fscanf (f_vec,
}

I < V2; i++)

fmt,
fmt,

&v2([i].real);
&v2[i).imag) ;

for
{
fscanf (f_vec,
fscanf (f_vec,

1

(1 =0; i< V3; i+4)
fmt, &v3[i].real);
fmt, &v3[i].imag);

fclose (f_vec);
return;
}

A.2.4 defs.h

/* defs.h */

/* 94 Aug 25 - We added a #define macro to compensate for the lack of a
I* log2 function in the IBM version of math.h

/* 94 Sep 13 - We added a definition for number of clock ticks per

/% second, because this varies between the Sun 0S and the IBM
% ATX QOS.

/* Sun 0OS version - 60 clock ticks per second

#ifdef SUN
#idefine CLK_TICK 60.0
fendif

/* IBM AIX version - 100 clock ticke per second

#ifdef IBM

fidefine log2(x) ((log(x))/(M_LN2))
fdefine CLK_TICK 100.0
ffendif

fiifdef DBLE
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fidefine floal double
fendir

Lypedel struct {

float real;
[loat imag;
} COMPLEX;

/* used in new fft #*/
idefine SWAP({a,b) {(float
swapﬁtemp:(a).real;{a}.realz(b).real;(b).real:swap_temp;\

swap_temp:(a],imag;(a).imag:(b].imag;(b].imag:swap_temp;)

#tdefine NN 2 /% XKXXUUUUUU =/
#define PRI_CHUNK (PRI /NN) /* XXXXXUU */

#define AT_LEAST_ ARG 2
#define AT_MOST_ARG 4
#define ITERATIONS_ARG 3
#idefine REPORTS_ARG 4

fidefine USERTIME (T1,T2) ((t2.tms_utime—tl.tms_utime)/CLK_TICK)

#idefine SYSTIME (T1,T2) ({t2.tms_stime—tl.tms_stime)/CLK“TICK}

tdefine USERTIMEL(TL,T2) ((time_end.tms_utime-time_start.tms_utime)/CLK_TICK)
fdefine SYSTIMEL (T1,72) ((time_end.tms_stime—time_start.tms_stime)/CLK_TICK)

#define USERTIME2 (T1,T2) ({end_time.tms_ntime—start_time.tms_utime)/CLK_TICK)
tdefine SYSTIME2 (T1,T2) ((end_time.tms_stime—starthtime.tms_stime)/CLK_TICK)

#ifndef LINE_MAX )

fidefine LINE_MAX 256 ~
#endif

#idefine TRUE 1

#define FALSE 0

fidefine COLS 1536 /* Maximum number of columns in holding vector “vec® =/
/* in house.c for max columns in Householder multiply #*/

#tdefine MBEAM 12 /* Number of main beams */

fdefine ABEAM 20 /* Number of auxiliary beams */

fidefine PWR_BM 9 /* Number of max power bheams */

fidefine V1 64

#idefine V2 128

fidefine V3 CoOLS

#define V4 vi1

#tdefine DIM1 V1 /* Number for dimensioni in input data cube =/

fidefine DIM2 128 /* Number for dimension2 in input data cube */

#define DIM3 V3/NN /* Number for dimension3 in input data cube */

fidefine DOP_GEN 2048 /+ MAX Number of dopplers after FPT *

fidefine PRI_GEN 2048 /* MAX Number of points for 1500 data points FFT #/
/* zero filled after 1500 up to 2048 points */

fdefine NUM_MAT 32 /* Number of matrices to do householde on */
/* NUM_MAT must be less than DIM2 above #*/

#ifdef APT

fidefine PRI 256 /* Number of pris in input data cube =/
fidefine DOP 256 /* Number of dopplers after FFT */

/* #define RNG 280 */ /* Number of range gates in input data cube */
fdefine RNG 256 /* Number of range gates in input data cube */
tdefine EL 32 /* number of elements in input data cube */

fdefine BEAM 32 /* Number of beams */

fdefine NUMSEG 7 /* Number of range gate segments */

fidefine RNGSEG RNG/NUMSEG /* Number of range gales per segment */

fidefine RNG_S 320 /= Number sample range gates for 1st step beam forming */
tdefine DOF EL /* Number of degrees of freaedom +/
extern COMPLEX L_matrix(BEAM] [EL] ; /* T matrix *y
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i fddef s'ap

fdefine PRI 128 /% Number of pris in input data cube */

fdefine DOP 128 /* Number of dopplers after FE

ldefine RNG 1250 /* Number of range gates in input data cube =/
fidefine EL 48 /* number of elements in input data cube */

ftidefine BEAM 2 /* Number of beams */

tdefine NUMSEG 2 /* Number of range gate segments */

fidefine RNGSEG RNG/NUMSEG /* Number of range gates per segment =/
ffdefine RNG_S 288 /* Number of sample range gates for beam forming */
ff[define DOF 3*EL /* Number of degrees of freedom */

flendif

#ifdef GEN
fdefine EL V4
ftdefine DOF EL

#endif

extern int output_time; /* Flag if set TRUE, output execution times LA
extern int output_report; /* Flag if set TRUE, output data report fileg */
extern int repetitions; /* number of times program has execured *if:
extern int iterations; /* number of times to execute program */

typedef struct max_index
{
float value ;
int locl, loc2, loe3d ;
} INDEXED _MAX ; X,

extern void xu_index_max ( inil, in2, out, len )
INDEXED_MAX inl(], in2[). out([];
int *len ;
{
int i, n ;
n = *len/sizeof (int) ;
for (i=0; i<n; i++)
{
if (inl(i).value > in2[i].value)
{
out (i) .value = ini[i].value ;
out[i] .locl inl{i].lecl;
out[i] .loc2 inl(i].loc2;
out[i].loec3 inifi].lec3;

I m

}
eclse

{
out [i].value = in2[i].value ;
out[i].locl in2[i].locl;
out [i].loc2 in2[i].loc2;
out[i].lec3 in2[i].loc3;

|

no

A.2.5 compile_vec

mpce -03 -garch=pwr2 -DSEN -DIBM -o vec bench_mark _VEC.c emd_linz.c
read_input_VEC.c -1lm
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A.2.6 run.128

poe vec /scratchl/masa/vec_data -Procs 128 -us

A.3  Linear Algebra Subprogram

A.3.1 bench_mark_LIN.c

*

**!*&*********#*******Wﬁ’*ﬁ-*ﬁ***#)@**********

bench_mark_LIN.c

Parallel General Benchmark Program for the IBM SP2

This parallel General benchmark brogram was written for the IBM SpP2 by the
STAP benchmark parallelization team at the University of Southern
California (Prof. Kai Hwang, Dr. Zhiwei Xu, and Masahiro Arakawa), as

part of the ARPA Mountaintop program.

The sequential General benchmark program was originally written by Teny
Adams on 8/30/93. 3

-~

This file contains the procedure main (). and represents the body of the
General Linear Algebra subprogram. »

This subprogram's overall structure is as follows:

1. Load data in parallel.

2. Perform the Householder transform on the data in parallel.

3. Perform forward and back substitution on the data in parallel.
4. Apply weight vectors to the data in parallel.

This program can be compiled by calling the shell script compile_lin.
Because of the nature of the program, before the program is compiled, the
header file defs.h must be adjusted so that NN is set to the number of
nodes on which the program will be run. We have provided a defs.h file for
each power of 2 node size from 1 to 32, called defs.001 to defs.032.

This program can be run by calling the shell SCript run.###, where ### is
the number of nodes on which the program is being run.

Unlike the original sequential wversion of this brogram, the parallel General
program does not support command-line arguments specifying the number of

information should be displayed. The program body will be executed once,
and the timing information will be displayed at the end of execution.

The input data file on disk is stored in a packed format: Each complex
number is stored as a 32-bit binary integer; the 16 LSRs are the real
half of the number, and the 16 MSBs are the imaginary half of the number.
These numbers are converted into floating point numbers usable by this
benchmark program as they are loaded from disk.

The steering vectors file has the data stored in a different fashion. All

data in this file is stored in ASCII format. The first two numbers in this
file are the number of PRIs in the data set and the threshold level,

A-54



* alternating real and imaginary numbers.

respectively. Then, the remaining data are the steering vectars, with

*/

finclude *stdio.h"
ffinclude “math.h*
Finclude "defs.h®
ffinclude <sys/types.hs>
#finclude <sys/times.h>
ffinclude <mpproto.hs
finclude <sys/time.hs
ffinclude <time.h>

/*

* main ()

*

*

inputs: arge, argv
outputs: none

*f

main (arge, argv)

~
*

® % % K ¥ X % N ¥ % W F F N F F B F F K K W F X N N R N F ¥ F B W F ¥R

~

int arge;
char *argv(];

Variables

data_cube: input data cube

vd4: vector of complex numbers

temp_mat: temporary matrix

beams_mat: temporary matrix for holding output beam datza

diml, dim2, dim3: dimensions 1, 2, and 3 in the input data cube,
respectively . '

locl, loc2, loc3: holders for the location of the maximum enzr

start_row: holder for the row on which to start the Householgder

lower_triangular_rows: holder for the number of rows to lower triangularize

num_rows: holder for the total number of rows

num_cols: holder for the total number of columns

i, j, k: loop counters

dopplers: number of dopplers after the FFT

weight_vec: pointer to the start of the COMPLEX weight vector

xreal, ximag: pointer to the start of the real and imaginary parts of the
float data vector

max: float variable to hold the maximum of the complex data

sum: variable to hold the sum of the complex data

f_pwr, f_templ, f_temp2: float variables

real_ptr, imag_ptr: pointer to float variables

sLr_vecs: pointer to the start of the steering vector array

make_t: a flag; 1 = make T matrix, 0 = don't ma eT matrix bu: pass back the
weight vector

index_max: a data structure holding the location and value of the maximum

g_index_max: a data structure holding the location and value of the maximum

data_name, str_name: the names of the files containing the irput data cube
and the steering vectors, respectively

blklen: block length

rc: return code from an MPL call

taskid: the identifier for this task

numtask: the total number of tasks running this program

nbuf: a buffer to hold the data from the MPL call mpc_task_guery

allgrp: the identifier representing all the tasks running this program

source, dest, tLype, nbytes: parameters to point-to-point MPL calls

COMPLEX data_cube[DIM1] [DIM2] [DIM3] ;
COMPLEX wv4 [V4] ;

static COMPLEX Lemp_mat[V4) [COLS];
COMPLEX **heams_mat;
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~

int diml = DIMI;

int dimZ = DIM2;

int dim3 = DIM3;

int locl, loc2, loc3;

int start_row;

int lower_triangular_rows;
int nuUm_rows;

int num_cols = V3;

int 1, j, k;

int dopplers;

COMPLEX weight_vec[V4];
float xreal([V4];

float ximag([V4];

float max;

COMPLEX sum;

float [_pwr;

float f_templ;

float [_temp2;

float *real_ptr;

float *imag_ptr;

COMPLEX str_vecs([1] [DOF];
int make_t;

INDEXED_MAX index_max [NUM_MAT] ;
INDEXED_MAX g_index max [NUM_MAT*NN] ;
char data_name [LINE_MAX] ;
char str_name [LINE_MAX]) ;

int blklen;

int rec;

int taskid;

int numtask;

int nbuf([4];

int allgrp:;

int source, dest, type, nbytes;

Timing variables

all_start, all_end: start and end CPU times for the entire program

disk_start, disk_end: start and end CPU times for the disk access step

lin_start, lin_end: start and end CPU times for the linear algebra step

tl, €2, tv0, tvl, tv2: temporary variables

all_user, all_sys: user and system CPU times for the entire program

all user max, all_sys_max: maximum user and system CPU times for the entire
program :

disk_user, disk_sys: user and system CPU times for the disk access setp

disk_user_max, disk_sys_max: maximum user and system CPU times for the
entire program

all wall, task_wall: wall clock time and maximum wall clock time for the
entire program

disk_wall, disk_wall_max: wall clock time and maximum wall clock time for
the disk access step

lin_user, lin_sys: user and system CPU times for the linear algebra step

lin_user_max, lin_sys_max: maximum user and system CPU times for the
linear algebra step

lin_wall, lin_wall_max: wall clock time and maximum wall clock time for the
linear algebra step

struct tms all_start, all_end:
struct tms disk_start, disk_end;
struct tms lin_start, lin_end;
struct tms £1,t2;

struct timeval tv0, tvl, tv2:

[loat all_user, all_sys;

float all_user_max, all_sys_max;
[loat disk_user, disk_sys;

float disk_user_max, disk_sys_max;
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floal all_wall, task_wall;
[loat disk_wall, disk_wall max;

float lin_user, lin_sys;
Cloat lin_user_max, lin_sys max;
Cloat lin_wall, lin_wall_max;

* Externally defined functionsg
"/

* ook % X F ¥ A H ¥ *

* o % A *

extern void cmd_line();
extern void read_input_LIN();
extern void house();

extern void forback();

Begin function body: main ()
Initialize for parallel processing. Here, each task or node determines its
task number (taskid) and the total number of tasks or nodes running this
program (numtask) by using the MPL call mpc_environ. Then, each task
determines the identifier for the group which encompasses all tasks or
nodes running this program. This identifier (allgrp) is used in collective
communication or aggregated computation operations, such as mpc_index.
/
gettimeofday (&tv0, (struct timeval*)0); /* before time */
rc¢ = mpc_environ (&numtask, &taskid);
if (rc == -1)
{

printf ("Error - unable to call mpc_environ.\n");
exit (-1); )
}

if (numtask != NN)
(
if (taskid == 0)
{
printf ("Error - task number mismatch... check defs.h.\n");
exit (-1);
}
}
rc = mpc_task_query (nbuf, 4, 3);
LE (pe == -1}
{

printf ("Error - unable to call mpc_task_guery.\n");
exit (-1);

}
allgrp = nbuf(3];

gettimeofday (&tv2, (struct timeval*)0); /* before time */
task_wall = (float) (tv2.tv_sec - tv0.tv_sec) * 1000000 + tv2.tv_usec
- tv0.tv_usec;

if (taskid == 0)
{
printf ("Running...\n");
}

times (&all_start);

Get arguments from command line. In the sequential version o _
the following procedure was used to extract the number of timss the main
computational body was Lo be repeated, and [lags regarding 2 amount of
reporting Lo be done during and after the program was run. In this paralle

»i the program,
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* program, there are no command line arguments
* name of the [ile containing the data cube.
*/

Lo be extracted excoept for the

cmd_line (arge, argv, str_name, data_name);
/t

* Read input files. In this section, each task loads its portion of the data
* cube from the data file.
*J!

if (taskid == 0)
{

printf (* loading data...\n");
}

mpe_sync (allgrp):

times (&disk_start); .
gettimeofday (&tvl, (struct timeval*)0); /* before time */
read_input_LIN (data_name, str_name, v4, data_cube) ;
gettimeofday (&tv2, (struct timeval*)0); /* after Cime 4

disk_wall = (float) (tv2.tv_sec - Lvl.tv_sec) * 1000000 + tv2.tv_usec
- btvl.tv_usec;

times (&disk_end);
/*
* Start Linear Algebra steps. =

*f

make_t = 0;
times (&lin_start) ;
gettimeofday (&tvl, (struct timeval*)0);

/*

* Move steering vector V4 into the str_vecs matrix.
*/

/* Dont make T matrix. Return a weight vector =/
/* before time =/

-

for (i = 0; 1 < V4; i++)
{
str_vecs[0] [i].real

v4[i] .real;
str_vecs([0] [i].imag

v4[i].imag;

)

/*
* Perform the Householder transform only on NUM_MAT of theV2 dopplers (DIM1
* by DIM3). Allocate space for the beams_mat matrix = NUM_MAT*V3 COMPLEX
* matrix.
LW
if ((beams_mat = (COMPLEX **) malloc (NUM_MAT * sizeof (COMPLEX *))) == NULL)
{
printf (* Cant allocate space for output beams_mat holding matrix\n ");
free (temp_mat);
exit (-1);
}
for (i = 0; i < NUM_MAT; i4+)
(
if ((beams_mat [i] = (COMPLEX *) malloc (V3 * sizeof (COMPLEX))) == NULL)
(
printf (" Cant allocate space for outpul heams_mat holding matrix *);
free (temp_mat) ;
free (beams_mat) ;
exit (-1);

/t

* Move 1 of NUM_MAT dopplers to temp_mat [rom data_cube, perform a Householder
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Lransform, then forward and back solve [or rhe welghts. Apply the weights
Lo the data and put the beamlormed dopplers into the beams_mat matrix.

A

Select 1st NUM_MAT matrices with DIML by DIM3 data elements.
/

for (i = 0; i < NUM_MAT; ii1)
{
for (j = 0; j < DIMLl; j++)
for (k = 0; k < DIM3; ki+)
{ /* Select dimensions to use 64*1500 data elements */
temp_mat[j] [k].real = data_cube[j][i][K].real;
temp_mat [j] [k].imag = data_cube(]][i](k].imag;

/*
* Call the Householder transform routine house (2
o
start_row = 0; /* Start Householder on 1st row */
num_rows = DIM1; /* Do Householder on all rows */
num_cols = DIM3; /* Do Householder on all columns */
lower_triangular_rows = DIM1; /* Lower triangularize all rows */
house (num_rows, num_cols, lower_triangular_rows, start. row, temp_mat) ;
/*

Cemp_mat matrix now has a lower triangular matrix as 1st MxM rows. M

nominally is 64. Call forback () to solve once with vector str_vecs = v4,
Return the solution weight vector in weight_vec.
i

forback (lower_triangular_rows, str_vecs, weight_vec, make_t, temp_mat);
/%
* Multiply the conjugate of the weight vector with the application data, DIM3

* columns of DIM1 rows, and store the results in output beams_mat. Use

* temporary storage for the weight vector with pointers to speed multiply.
ko 4

real_ptr = xreal;
imag_ptr = ximag;
for (j = 0; j < V4; J+4)
{
/*
* Store the conjugate of the weight vector.
x/
*real_ptr++ = weight_vec([]j].real;
*imag_ptr++ = - weight_vec[j].imag;
}
/*

* Multiply the weight vector by all columns of the application data set.
*
/

for (k = 0; k < DIM3; k++)
(

sum.real = 0.0;
sum. imag = 0.0;
real_ptr = xreal;
imag_ptr = ximag;

for (3 = 0; J < DIML; 3440
{
/*
* Select dimensions to use DIM1 by DIM3 data elements.
*f
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sum.real += (data_cubelj|i]lk].real * *real_putr

data_cube|j] (1) (k].imag * *imag_ptr);
Sum. imag += (data_cube (i) [i][k].imag * *real_ptri+ 4
data_cube[i]li] [k].real * *imag_ptra+);
}
/l
* Store the result into the output beams_mat matrix.
¥/
beams_mat (1] [k].real = sum.real;
beams_mat (1) [k].imag = sum. imag;
} /* end k for_loop */
max = 0.0;
for (j = i; j < i+1; j++)
for (k = 0; k < DIM3; k++)
(
f_templ = beams_mat[j](k].real;
f_temp2 = beams_mat([j] (k] .imag;
f_pwr = f_templ*f_templ + f_temp2*f_temp2;
if (f_pwr > max)
{
max = f_pwr;
locl=0; /* Always beam 0 */
loc2=7;
loc3=k;
)
}
/*
* printf("task %d finds max %f at %4 %d gd\n", N
taskid, max, locl, loc2, loc3):
tf
index_max[i] .value = max;
index_max([i).locl = loci;
index_max([i].loc2 = loc2 + taskid * dim2;
index_max[i].loc3 = loc3;
} /* end i for_loop */
/*
* Gather local max entries into node 0.
)
rc = mpc_gather (index_max, g_index_max, NUM_MAT*sizeof (INDEXED_MAX), O,
allgrp);
if (re == -1)
{
printf ("Error - unable to call mpc_gather.\n") ;
exit (-1);
}
gettimeofday (&tv2, (struct timeval*)0); /* after time =/
lin_wall = (float) (tv2.tv_sec - tvl.tv_sec) * 1000000 = tv2.tv_usec
- Evl.tv_usec;
all_wall = (float) (tv2.tv_sec - tv0.tv_sec) * 1000000 + tw2.tv_usec
~ tv0.tv_usec;
times(&lin_end) ;
times(&all_end) ;
/1
* Compute all tcimes.
¥

all_user = (float) (all_end.tms_utime - all_start.tms_utime)/100.0;
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11l _sys (Iloat) (all_end.tms_stime - all_start.tms_stime)/100.0;
re = mpe_reduce (&all _user, Lall_user_max, sizeof (floal), 0,

s_vmax, allgrp);
i (re -1 ) - o
l
printt ("Error mpe_reduce.\n*);
exit (-1);

re = mpe_reduce (&all_sys, &all_sys max, sizeof (float), O

rc , S_vmax,allgrp);
1f (I'C == =7 )

(
print{ ("Error mpc_reduce.\n");
exit (-1);
)
/ft
* Compute disk times.
7

rc = mpc_reduce (&disk _wall, &disk_wall_max, sizeof (float), 0
allgrp);
if (rc == =1)

, S_vmax,

printf ("Error mpc_reduce.\n");
exit (-1);

disk_user = (float) (disk_end.tms_utime - disk_start.tms_utime)/100.0;
disk_sys = (float) (disk_end.tms_stime - disk_start.tms_stime) /100.0;
rc = mpc_reduce (&disk_user, &disk_user_max, sizeof (float), 0, s_vmax,
allgrp);
if (rec == -1)
{
printf ("Error mpc_reduce.\n"};
exit (-1); :
} ' .
rc = mpc_reduce (&disk_sys, &disk_sys_max, sizeof (float), 0, s_vmax,allgrp);
if (re == -1)
({
printf ("Error mpc_reduce.\n");
exitc (-1);

]
/-r
* Compute lin times.
of
rc = mpc_reduce (&lin_wall, &lin wall_max, sizeof(fleat), 0, s_vmax, allgrp);
if (re == -1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
}
lin_user = (float) (lin_end.tms_utime - lin_start.tms_utime) /100.0;
lin_sys = (float) (lin_end.tms_stime - lin_start.tms_stime)/100.0;
rc = mpc_reduce (&lin_user, &lin_user_max, sizeof (float), O, s_vmax,allgrp);
if (rc == -1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
}
re = mpc_reduce (&lin_sys, &lin_sys_max, sizeof (float), 0, s_vmax,allgrp);
i1f {rg == =1)
{
printf ("Error mpc_reduce.\n");
exit (-1);
}
/t
* Report results.
*f
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*
*

}

A

/*
*
*

~
*

L S

* % F oo H F N F o % B

i
i
i
#1i

if (taskid == 0 )
for (i = 0; i < NUM_MAT*NN: i)
{
max = g_index_max|i].value:
locl = g_index_max|i].locl;
loc2 = g_index_max[i].loc2;
loc3 = g_index_max[i].loc3; _
printf("#%d POWER of max COMPLEX output beams data = %{ \n",i, max);
printf(* LOCATION of max COMPLEX output beams data = %d %d &%d \n",
locl,loc2, loc3) ;

Display timing information.

/
if (taskid == 0)
{
printf ("\n\n*** CpU Timing information - numtask = gd\n\n", NN);
printf (* all_ user max = %.2f s, all_sys max = %.2f s\n¥,
all_user_max, all_sys_max) ;
printf (" disk_user max = %.2f s, disk_sys_max = %.2f s\n*,
disk_user_max, disk_sys_max);
printf (* lin_user max = %.2f s, lin_sys_max = %.2f s\n",
lin_user_max, lin_sys_max) ;
printf (*\n*** Wall Clock Timing information - numtask = $d\n\n", NN);
printf (* all_wall = %.0f us\n*, all_wall);
printf (* task_wall = %.0f us\n", task_wall);
printf (* disk_wall = %.0f us\n", disk_wall);
printf (* lin_wall = %.0f us\n", lin_wall);
free (beams_mat) ; :

3.2 emd_line.c

cmd_line.c

/

This file contains the procedure cmd_line (), and is part of the parallel
General benchmark pbrogram written for the IBM Sp2 by the STAP benchmark
parallelization team at the Univerisity of Southern California (Prof. Kai

Hwang, Dr. Zhiwei Xu, and Masahiro Arakawa), as part of the ARPA Mountaintop

program.

The sequential General benchmark program was originally written by Tony
Adams on 8/30/93.

The procedure cmd_line () extracts the name of the files from which the
input data cube and the steering vector data should be loaded. The
function of this parallel version of emd_line () is different from that
of the sequential version, because the sequential version also extracted
the number of iterations the program should run and some reporting
options.
/

nclude "stdio.h"
nclude "math.h*
nclude “defs.h*
nclude <sys/types.hs
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finclude <sys/Lime.hs

fi
*emd_line ()
* inputs: arge, argwv
* oULputs: str_name, data_name
"
: a?gc, argv: these are used Lo get data from the command line arguments
Str_name: a holder for the name of the input steering vectors file
: data_name: a holder for the name of the input data file

~

cmd_l@ne (arge, argv, str_name, data_name)
int argc;
char *argv(];
char str_name [LINE_MAX] ;
char data_name [LINE_MAX] :

{

/*
* Begin function body: cmd_line ()
*1

strcpy (str_name, argv[l]);
strcat (str_name, ".str");
strepy (data_name, argv(l]);
strecat (data_name, ".dat");
return;

A.3.3 forback.c

/*
* forback.c
L

~
"

This file contains the procedure forback (), and is part of the parallel
General benchmark program written for the IBM SP2 by the STAP benchmark
parallelization team at the University of Southern California (Prof. Kai

Hwang, Dr. Zhiwei Xu, and Masahiro Arakawa), as part of the ARPA Mountaintop
program.

The sequential General benchmark program was originally written by Tony
Adams on 8/30/93.

The procedure forback () performs a forward and back substitution on an
input temp_mat array, using the steering vectors, str_wvecs, and
normalizes the solution returned in the vector "weight_vec".

If the input variable "make_t" = 1, then the T matrix is generated in
this routine by doing BEAM forward and back solution vectors. Nominally,
BEAM = 32.

The conjugate transpose of each weight vector, to get the Hermitian, is
put into the T matrix as row vectors. The input, temp_mat, is a sguare
lower triangular array, with the number of rows and columns = num_rows .

This routine requires 5 input parameters as follows:
num_rows: the number of COMPLEX elements, M, in temp_mat
SLr_vecs: a pointer to the start of the steering vector array
weight_vec: a pointer to the start of the COMPLEX weight vector
make_t: 1 = make T matrix; 0 = don't make T matrix but pass back the

I S U S R S G R T S T S
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* waight vector

§ Cemp_mat[]|([]: a Lemporary matrix holding various data

%

* This procedure was uUntauched during our parallelization effort, and

* Lherefore ig virtually identical to the sequential version. A]soﬂ most,
* if not all, of the comments were taken verbatim [rom the sequential

* version.

*

/

tinclude "stdio.h®
finclude "math.h*
kinclude "defs . h*

/*

* forback () )
inputs: num_rows, str_vecs, welght_vec, make_t, Cemp_mat
outputs: weight_vec

*
*
*
* num_rows: the number of elements, M, in the input data

= SLr_vecs: a pointer to the start of the steering vector array

* welght_vec: a pointer to the start of the COMPLEX weight vector

¥ make_t: 1 = make T matrix; 0 = don't make T matrix but pass back the
® weight vector

* temp_mat: MAX temprary matrix holding various data

*if

forback (num_rows, str_vecs, weight_vec, make_t, Cemp_mat)
int num_rows ;
COMPLEX str_vecs|[] [DOF) ;
COMPLEX weight_vec(];
int make_t;
COMPLEX temp_mat[][COLS];

—
4-

/*

* Variables

*

* i, 3, k: loop counters

* last: the last row or element in the matrices or vectors

* beams: loop counter

* num_beams : loop counter

* sum_sqg: a holder for the sum squared of the elements in a row
* sum: a holder for the sum of the COMPLEX elements in a row
* temp: a holder for temporary storage of a COMPLEX element
*

wt_factor: a holder for the welght normalization factor, according to
Adaptive Matched Filter Normalization
steering vector with DOF COMPLEX elements
Vec: a holder for the complex solution intermediate vector
Emp_mat: a pointer to the start of the COMPLEX temp matrix

* % d ¥ % o

/

int i; 3, k;

int last;

int beams;

int num_beams;

float sum_sgq;

COMPLEX sum;

COMPLEX temp;

float abs_mag;

float wt_factor;
COMPLEX steer_vec[DOF];
COMPLEX vec [DOF] ;
COMPLEX tmpﬁmatlDOF][DDF];

/t
* Begin Ffunction body: forback ()
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' The Cemp_mat matrix contains a lower Lriangular COMPLEX matrix as the

* firsl;_M}:M vows. Do a forward bhack solution BEAM Cimes witch a dilferent
* steering vector. If make_L = 1, Chen make Lhe 1 maltrix.
t/

if (make_t)

{
num_heams = NUM_rows;  /* Do M forward back solution vecltors. pPut *y/

/* them else into T matrix. =7
}

else
{

num_hbeams

1

1; /* Do only 1 solution weight vector */

for (beams = 0; beams < num_beams ; beams++)
[ 7* for (beams...,) */

for (j = 0; j « NUN_rows; j+4+)
{

steer_vec(j].real = str_vecg[beams][j].real;
steer_vec{j].imag = str_vecs[beams][j].imag;

)

/*
* Step 1: Do forward elimination. Also, get the weight factor = square root
* of the sum squared of the solution vector. Used to divide back substitution
* solution to get the weight vector. Divide the first element of the COMPLEX
* steering vector by the first COMPLEX diagonal to get the first element of
* the COMPLEX solution veclLor. First, get the absolute magnitude of the first
* lower triangular diagonal .
e
abs_mag = Lemp_mat [0] [0].real = temp_mat (0] [0].real N
+ temp_mat (0] [0].imag * temp_mat[O][O].imagr
* .
* Solve for the first element of the solutioén vector.
*/
vec[0] .real = (temp_mat [0) [0] .real * steer_vec (0] .real +
temp_mat [0] [0].imag * steer_vec(0].imag) / abs_mag;
vec[0].imag = (Cemp_mat[0] [0] .real * steer_vec[0].imag -
temp_mat[O][OI.imag * steer_vec[0].real) / abs_mag;
/*
* Start summing the square of the solution vector.
*f
sunm_sq = vec|[0] .real * vec|[0].real + vec([0] .imag * vec([0] . imag;
/t

* Now solve for the remaining elements of the solution vector.
*/

for (i = 1; i < num_rows; i++)
{ I* £8F (L...) *7

sum.real = 0.0;
sum. imag = 0.0;
for (k= 0; k < i; Ka4)
{ /% for (k...) */
sum.real += (temp_mat[i] [k].real * vec[k] .real -
temp_mat[i] [k].imag * vec (k] .imag) ;

sum. imag += (Lemp_mat [i] [k].imag * vec[k] .real &
Lemp_mat[i] [k].real * vec|k].imag) ;
Y fF For (k...) =

/!:
* Now subtract the sum From the next element of Lhe steering vectar.
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Lemp.real steer_vec(i].real - sum.real:

Lemp.imag - steer_vec|i].imag sum. imag;
/* )
* Get the absolute magnitude of the next diagonal .
i
abs_mag = temp_mat[i][i].real * temp_mat[i}[i!.rgal_
+ temp_mat [i] [i].imag * temp_mat[i][i].imag;
/t
* Solve for the next element of the solution vector.
*/
vec[i).real = (temp_mat([i][i].real * temp.real +
temp_mat[i] (i].imag * temp.imag) / abs_mag;
vec[i].imag = (temp_mat[i][i].real * temp.imag -
temp_mat[i] [i] .imag * temp.real) / abs_mag;
/*
* Sum the sqguare of the solution vector.
*y
sum_sq += (vec([i].real * vec[i].real + vec[i].imag * vec([i].imag);
Y i fexr {d...) %/
wt_factor = sgrt ((double) sum_sq) ;
/*

* Step 2: Take the conjugate transpose of the lower triangular matrix to
* form an upper triangular matrix.

*/
for (i = 0; i < num_rows; i44)
{ /% for IE...) *¥P
for (j = 0; j < num_rows; J++)
f /% foxr (3...) =
tmp_mat [i] [j].real = temp_mat[j][i] .real;
tmp_mat [1] [j].imag = - temp_mat[j][i].imag;
Y _/* for (...} %y
} I* for (i...) *¢
/*
* Step 3: Do a back substitution.
LIV
last = num_rows - 1;
/*

* Get the absolute magnitude of the last upper triangular diagonal.
*/

abs_mag = tmp_mat[last) [last] .real * Cmp_mat [last] [last].real
+ tmp_mat[last][last].imag ¥ tmp_mat[last][last].imag;
/*

* Solve for the last element of the weight solution vector.
i

weight_vec([last].real = (tmp_mat[last] [last].real * vec[last].real
+ tmp_mat [last][last].imag * vec([last]). imag)
/ abs_mag;
weight_vec[last].imag = (tmp_mat[last)[last].real * vec(last].imag

- tmp_mat [last] [last].imag = vec(last].real)
/ abs_mag;

/:‘

* Now solve for the remaining elements of the weight sclution vector from
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Lhe next to last element up to the first element .

7
for (i = last - 1; i >= 0; ==
{ * Eor (i:..) %
sum.real = 0.0;
sum. imag = 0.0;
for (k = 1 + 1; k <= last; K4+)
{ /* Foxr (k...) */
sum.real += (tmp_mat[i] (k].real * weight_vec (k] .real -
) Cmp_mat (i] (k] .imag * weight_vec (k] . imag) ;
sum.limag += (Lmp_mat[i] [k].imag * weight_vec([k].real +
Cmp_mat[i] [k].real * weight_vec(k].imag);
} J* foxr (K...y %/
/t

* Subtract the sum from the next element up of the forward solution vector.
*/

temp.real = vec(i).real - sum.real;

temp.imag = vec[i].imag - sum.imag;
/*
* Get the absolute magnitude of the next diagonal up.
*f

abs_mag = tmp_mat[i][i].real = tmp_mat [i][i].real

+ tmp_mat [i] [i].imag * tmp_mat (i) [i].imag;

/*

* Solve for the next element up of the weight solution vector.
4

weight_vec([i].real = (tmp_mat[i][i].real * temp.real «
tmp_mat [i] [i]).imag * temp.imag) /.abs_mag;
welght_vec([i].imag = (tmp_mat[i][i].real * temp.imag -

tmp_mat [i] [i]).imag * temp.real) / abs_mag;
¥ i for Hew.l) ¥F

/t
* Step 4: Divide the solution weight_vector by the weight Ffactor.
x/

for (i = 0; 1 < num_rows; i++)
{
weight_vec([i].real /= wt_factor;
weight_vec[i]).imag /= wt_factor;
}

#ifdef APT

/*

* If make_t = 1, make the T matrix.
*J

if (make_t)
{ /* if (make_t) */
/*
* Conjugate transpose the weight vector to get the Hermitian. Put each
* weight vector into the T matrix as row vectors.
2
for (j = 0; j < num_rows; j&+)

C_matrix[beams] [j].real = weight_vec(j].real;
t_matrix(beams][j].imag = - weight_vec[i].imag;

} /A€ (make_t) */
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fendil

} /% for (beams...) */
return;

A.3.4 house.c

S
*

* house.c

~
* #*
~

This file contains the procedure house (), and is part of the parallel
General benchmark program written for the IBM SP2 by the STAP benchmark
parallelization team at the University of Southern California (Prof. Kai
Hwang, Dr. Zhiwei Xu, and Masahiro Arakawa), as part of the ARPA Mountaintop
program.

The sequential General benchmark program was originally written by Tony
Adams on 8/30/93.

The procedure house () performs the Householder transform, in place, on
an N by M complex imput matrix, where M >= N. It returns the results in
the same location as the input data.

This routine reguries 5 input parameters as follows:
num_rows: number of elements in the temp_mat
num_cols: number of range gates in the temp_mat .
lower_triangular_rows: the number of rows in the output temp_mat that
have been lower triangularized
start_row: the number of the row on which to start the Householder
temp_mat[][]: a temporary matrix holding various data

This procedure was untouched during our parallelization effort, and
therefore is virtually identical te the sequential version. Also, most,

if not all, of the comments were taken verbatim from the seguential
version.
/

E O S S S S S S R S N S TSR S I S

finclude *stdio.h"
#include “math.h"
#include "defs.h*

/1
* house ()
® inputs: num_rows, num_cols, lower_triangular_rows, start_row, temp_mat
E outputs: temp_mat
*
= num_rows: number of elements, N, in the input data
® num_cols: number of range gates, M, in the input data
¥ lower_triangular_rows: the number of rows to be lower triangularized
# start_row: the row number of which to start the Householder
¥ Lemp_mat: temporary matrix holding various data
LA

house (num_rows, num_cols, lower_triangular_rows, start_row, temp_mat)
int num_rows;
int num_cols;
int lower_triangular_ rows:
int start_row;
COMPLEX temp_mat[] [COLS] ;
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Variables

i, i, k: loop counters

rtemp: a holder for temporary scalar data

X_square: a holder for the absolute square ol complex variables
xmax_sg: a holder for the maximum of the complex absolute of variables
vec: a holder for the maximum complex vector 2 * num_cols max

sigma: a holder for a complex variable used in the Householder

gscal: a holder for a complex variable used in the Householder

alpha: a holder for a scalar variable used in the Householder

beta: a holder for a scalar variable used in the Householder
/

L S O T

it i, 3. K;

float rtemp;

float x_square;
float xmax_sq;
COMPLEX vec[2*COLS] ;
COMPLEX sigma;
COMPLEX gscal;

float alpha;

float beta;

/*

* Begin function body: house ()

*

* Loop through temp_mat for number of rows = lower_triangular_rows. Start at
* the row number indicated by the start_ row input variable.

=/

for (i = start_row; 1 < lower_triangular_rows; i++)

{ /* for (i...)} *=/ ' -

/*
* Step 1: Find the maximum absolute element for each row of temp_mat,
* starting at the diagonal element of each Frow.

t/ -
xmax_sq = 0.0;
for (j = 1; j < num_cols; j++)
. 1* for (d...} */
X_square = temp_mat[i] (j].real * temp_mat[i]([]j].real
+ temp_mat[i] [j].imag * temp_mat[i)[]]).imag;
if (xmax_sg < X_square)
{
Xmax_sg = X_sguare;
)
YO/t for (F...) %
/t

* Step 2: Normalize the row by the maximum value and generate the complex
* transpose vector of the row in order to calculate alpha = square root of
* the sum square of all the elements in the row.

*/
xmax_sqg = (float) sgrt ({(double) xmax_sq);
alpha — 0.0;
for (j = i; j < num_cols; j++)
{ /% for (3J...) */
vec|[j].real = temp_mat([i][j].real / xmax_sq;
vec(j] .imag = - temp_mat[i][j]).imag / xmax_sq; )
alpha += (veclj].real * vec[j].real + wvec[j].imag * vecli].imag);
¥y I* Eor {Juua) =4
alpha = (float) sgrt ((deuble) alpha);
/‘*
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* Step 3: Find beta = 2 / (b (Lranspose) * h). Find sigma of the relevant
* element = x(i) / Ix{i)].

=/
rtemp = vec(i].real * vec|i].real 1 vec[i].imag * vec[i].imag;
rtemp = (float) sqrt ((double) rtemp);
beta = 1.0 / (alpha * (alpha + rtemp));
if (rtemp >= 1.0E-16)
{
sigma.real = vec(i].real / rtemp;
sigma.imag = vec(i].imag / rtemp;
}
else
(
sigma.real = 1.0;
sigma.imag = 0.0;
}
/*

* Step 4: Calculate the vector operator for the relevent element.
xf

vec[i].real += sigma.real * alpha;
vec[i].imag += sigma.imag * alpha;

/i‘
* Step 5: Apply the Householder vector to all the rows of temp_mat.
*/ "

for (k = i; k < num_rows; k++)

{ /% for [(K..::) */
/*
* Find the scalar for finding g. 2 "
s
gscal.real = 0.0;
gscal.imag = 0.0;
for (j = i; j < num_cols; J++)
{ 7* foxr (J...) =/
gscal.real += (temp_mat(k]([j].real * vec[j).real -
temp_mat (k] [j]:imag * vec[]].imag);
gscal.imag += (Lemp_mat [k] []] .real * vec[j].imag +
Lemp_mat [k] [j].imag * vec[j].real);
} f* for (F...) *7
gscal.real *= beta;
gscal.imag *= beta;
/*

* Modify only the necessary elements of the temp_mat, subtracting gscal
* * conjg (vec) from temp_mat elements.

Ef
for (j = i; j < num_cols; J4+4)
1 /% Tor (3...) */
temp_mat (k] [j].real -= (gscal.real * vec([]].real +
gscal.imag * vec(j).imag);
temp_mat [k] [j].imag -= (gscal.imag * vec[j].real -
gscal.real * vec([j).imag);
] /* for (j...) */
] % for (K...) *f
b % ot (i) &
return;

}
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A.3.5 read_input_LIN.c

fr
* read_input_LIN.c
x/

~
*

This file contains the procedure read_input_LIN () and is part of the
parallel General benchmark program written for the IBM by the STAP benchmark
parallelization team at the University of Southern California (Prof. Kai
Hwang, Dr. Zhiwei Xu, ang Masahiro Arakawa), as part of the ARPA Mountaintop
program.

The sequential General benchmark program was originally written by Tony
Adams on 8/30/93.

The procedure read_input_LIN () reads the input data files (containing the
data cube and the steering vectors) .

In this parallel version of read_input_LIN (), each task reads its portion
of the data cube in from the data file simulatenously. In order to improve
disk performance, the entire data cube slice is read from disk, then

ok ok R % ok K oo w K W W o kN

* converted from the packed binary integer format to the floating point

* number format.

*

* Each complex number is stored on disk as a packed 32-bit binary integer.
* The 16 LSBs are the real portion of the number, and the 16 MSBs are the
* imaginary portion of the number.

*®

* The steering vector file contains the number of PRIs in the input data,
* the target power threshold, and the steering vectors. The data is stored
* in ASCII format, and the complex steering vector numbers aré stored as

* alternating real and imaginary numbers. : 1

*/

finclude "stdio.h"
#include “math.h"
#include "defs.h*
#include <sys/types.h>
#include <sys/time.hs>
ffinclude <mpproto.hs

#ifdef DBLE

char *fmt = "g&1f";
fielse

char *fmt = "§f";
ffendif

extern int taskid, numtask, allgrp;

~
*

read_input_LIN ()
inputs: data_name, str_name
outputs: v4, data_cube

data_name: the name of the file containing the data cube
Str_name: the name of the file containing the input vectors
v4: storage for the v4 vector

data_cube: input data cube

* o % % ¥ * w3

/

read_input_LIN (data_name, str_name, v4, data_cube)
char data_name[];
char str_name(];
COMPLEX wvda[];
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COMPLEX data_cube(] [DIM2] [DIM3];

-

1

* Variables

*

* diml, dim2, dim3: dimension 1, 2, and 3 in the input cube, respectively
* Lemp: buffer for binary input integer data

* templ, temp2: holders for integer data

* f£_templ, f_temp2: holders for float data

* junk: a temporary variable

* [_power: holder for float power data

* i, j, k: loop counters

* local_int_cube: the integer version of the lecal portion of the data cube
* blklen, rc: variables used for MPL calls

*

int diml = DIM1;

int dim2 = DIM2;

int dim3 = DIM3;

unsigned int temp(1];

long int tempi, temp2;

float f_templ, f_temp2;

float junk;

float f_pwr;

int i, j, k;

FILE *fopen();

FILE *f_dat, *f_vec;

unsigned int 1ocal_int“cube{DIM2}[DIMl][DIMB];
long blklen, rc;

/*
* Begin function body: read_input_LIN ().

*

* Read in the data_cube file in parallel.
wy

NULL)

I

if ((f_dat = fopen (data_name, i <o
{

printf ("Error - task 24 unable to open data file.\n", taskid);

exit (-1);
}

fseek (f_dat, taskid * dimi * dim2 * dim3 * sigzeof (unsigned int), 0);
fread (local_int_cube, sizeof (unsigned int), diml * dim? * dim3, f_dat);

fclose (f_dat):

Cempl;

Lemp?2;

/\'
* Convert the data from the unsigned integer format to floating point
* format.
L
for (i = 0; i < dimi1; i44)
for (j =0; j < dim2; j++)
for (k = 0; k < dim3; k++)
{
Lemp[0] = local_int_cube[j][il[k];
templ = O0x0000FFFF & temp[0] ;
templ = (templ & 0x00008000) » Cempl | OxEfFFO00Q0
temp2 = (temp[0]) »>» 16) & Ox0000FFFF;
Cemp2 = (temp2 & 0x00008000) 2 temp2 | Oxffffo000
data_cube[i]{j][k].real = (float) tempil;
data_cube[i][j][k].imag = (float) temp2;

/n—
* Open the vector file using the file pointer f[_vec.
Ef
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it ((f_vec
(
printt
exit |
}

/t

* Read the vectors from the input file with vectors vl, v2,

* order.
*r
for (i =0
{
fscanf
fscanf
}
fclose(f_ve

return;
}

A.3.6 defs.h

/* defs.h */
/* 94 Aug 25
/*

/*
/*

fopen (str_name, "y@*)) == NULL)

(" Cant open input steering vector f{ile %s\n ", str_name);
iy 7

v3, and v4 in

Lo« Ve daw
(f_vec, fmt, &vd4[i).real);
(f_vec, fmt, &v4[i].imag)};

e} ;

- We added a #define macro to compensatée for the lack of a
log2 function in the IBM version of math.h

-

/* 94 Sep 13 - We added a definition for number of clock ticks per

second, because this varies between the Sun 0S and the IBM
AlX 0OS.

/* Sun OS version - 60 clock ticks per second

#ifdef SUN

fidefine CLK_TICK 60.0

#endif

/* IBM AIX version - 100 clock ticks per second

#ifdef IBM

fidefine log2(x) ((log(x))/(M_LN2))
idefine CLK_TICK 100.0

fendif

#ifdef DBLE
ffdefine float

#endif

double

typedef struct ({
float real;
float imag;

} COMPLEX;

/* used in new [ft */
ffdefine SWAP(a,b) {float

swap_temps= (a)

Swap_temp= (a)

.real:(a).real:{b).real;(b].rcal;swap_Lemp;\

.imag:(a).imag:(b).imag;{b).imag:ﬁwap_temp;l

A-T3

*/
*/
*/
*/
*/

*/

*/



fdefine NN 32 /T KXXUUUUUU =/
#tdefine PRI_CHUNK (PRI/NN) /¥ XXXXXUU *y

fdeline AT_LEAST ARG 2
#idefine AT_MOST ARG 4
fdefine ITERATIONS_ARG 3
ifdefine REPORTS_ARG 4

fidefine USERTIME(T1,T2) {(t2.tmskutime—tl.tms_utime]/CLK_TICK)

fidefine SYSTIME (T1,T2) {[t2.tms_stime—tl.tms_stime}/CLK_TICH)

fidefine USERTIMEL (T1,7T2) ((timehend.tms_utime—time_start‘tms_utime)/CLK_TICK)
fidefine SYSTIMEL (T1,T2) ((time_end.tms_stime—time_start.tms_stime]/CLK_TICK}
fidefine USERTIME2 (T1,7T2) ((end_time.tms_utime«start_time.tms_utime)/CLK_TICK)
fidefine SYSTIME2 (T1,72) ((end_time.tms_stime—start_time.tms_stime)/CLK_TICK)

#ifndef LINE_MAX
#define LINE_MAX 256
ffendif

ffdefine TRUE 1
fidefine FALSE 0

#define COLS 1536 /* Maximum number of columns in holding vector "vec® *
/* in house.c for max columns in Householder multiply */

#define MBEAM 12 /* Number of main beams *7

#define ABEAM 20 /* Number of auxiliary beams */

fidefine PWR_BM 9 /* Number of max power beams */

#define V1 64

fidefine V2 32/NN

#define V3 1536

fdefine v4 v1

fidefine DIM1 vi /* Number for dimensionl in input data cube .*/

#define DIM2 V2 /* Number for dimension2 in input data cube o Al

fidefine DIM3 v3 /= Number for dimension3 in input data cube */

tdefine DOP_GEN 2048 /* MAX Number of dopplers after FFT =/

#define PRI_GEN 2048 /* MAX Number of points~for 1500 data points FFT =/
/* zero filled after 1500 up to 2048 points =/

#define NUM_MAT vz /= Number of matrices to do householde on */
/* NUM_MAT must bhe less than DIM2 above */

#ifdef APT

#define PRI 256 /* Number of pris in input data cube e
#define pop 256 /* Number of dopplers after FET */

/* #define RNG 280 * /* Number of Tange gates in input data cube =*/
#define RNG 256 /* Number of range gates in input data cupe xf
#define EL 32 /* number of elements in input data cube =y

fidefine BEAM 32 /* Number of beams */

idefine NUMSEG 7 /* Number of range gate segments +*/

#idefine RNGSEQ RNG/NUMSEG  /* Number of range gates per segment */

#define RNG_S 320 /* Number sample range gates for lst step beam forming */
#define DOF EL /* Number of degrees of freedom X/

extern COMPLEX t_matrixIBEAM][EL]; /* T matrix */

ffendif

#ifdef sTAP

#define PRI 128 /* Number of pris in input data cube */

#define pDoP 128 /* Number of dopplers after FFT +y

fdefine RNG 1250 /* Number of range gates in input data cube i
fdefine EL 48 /* number of elements in input data cube L7

tdefine BEAM 2 /* Number of beame e

#define NUMSEG 2 /* Number of range gate segments */

tdefine RNGSEG RNG/NUMSEG /+* Number of range gates per segment */
fdefine RNG_S 288 /+ Number of sample range gates for beam forming =/
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ffdelfine DOPF 3*L /* Number of degrees of freedom e
fiendifl
fifdef GEN

tdefine EL v4
ldefine DOF EL

fendif

extern @nt output_time; /* Flag if set TRUE, output execution times */
extern int output_report; /* Flag if set TRUE, output data report fileg */
extern int repetitions; /* number of times program has executed ®J
extern int iterations; /* number of times Lo execute program */

typedef struct max_index

float value ;
int locl, loc2, loc3 ;
} INDEXED_MAX ;

extern void xu_index_max ( inl, in2, out, len )
INDEXED_MAX inl[], in2[], out[];
int *len ; ’
{
int i, n ;
n = *len/sizeof (int) ;
for (i=0; i<n; i++)
{
if (inl(i).value > in2[i].value)
{
out[i].value = inl[i].value ;
out[i].locl = inli[i].locl; )
out [i].loc2 = inl[i).loc2;: : -
out (il.loc3 = ini(i].loc3;
}
else
{
out [i] .value = in2(i].value ;
out[i].locl = in2([i].locl;
out[i].loc2 = in2[i).loc2;
out{il.loc3 = in2[i].loc3;

A.3.7 compile_lin

mpce -03 -garch=pwr2 -DGEN -DIBM -o lin bench_mark LIN.c emd_line.c forback.c
house.c read_input_LIN.c -1m

A.3.8 run.032

poe lin /scratchl/masa/lin_data -procs 32 -us
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