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WHY DEVELOPING PARALLWARE?

Software modernization through parallelization with MPI+X
High-level programming: X = OpenMP or OpenACC
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Currently a manual process

PARALLWARE

Can we make it easier?



OUTLINE

Why Parallware?

ORNL & Appentra
Parallware Trainer (DEMO)
Conclusions



ORNL & APPENTRA

7/ PER"’gM,ggHZ”% COLLABORATION ON TOOLS INNOVATION
L “

Intey
i
ITier WG

Fernanda Foertter ~ Oscar Hernandez

e 3
”; OAK OAK
W E RIDGE RIDGE
PARALLWARE EN National Laboratory

National Laboratory

Y
S
Paralel SUg

ORNL Industrial Partnership Program, project CSC193: “Porting Parallware
Tools to Large HPC Installations including Titan” (2015-2016)

Jacobo Lobeiras, Manuel Arenaz, Oscar Hernandez: Experiences in
extending parallware to support OpenACC. WACCPD@SC 2015: 4:1-4:12
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TRAINING
Newcomers
Learning
Microbenchmarks
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pw_coulornb.c

| Parallware Trainer
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pw_coulomb.c

1 #include <math.h> 1 #include <math.h>
2
3@ void coulomb(double* vec, int size, // List of charged parti 3 void coulomb(double* vec, int size, // List of charged particles (x
4 double** mat, int rows, int cols, // Output matrix 4 ouble** mat, imt rows, int cols, // Output matrix
5 double x0, double yo, double zo, // Initial point s double x0, double yo, double z0, // Initial point
8 double x1, double y1} // Final point B8 double x1, double y1) // Final point
7 1 7
g const double PI = 3.14150265358079324; 8 const double PI = 3.14159265358079324;
9 const double et 8.854187817e-12; 9 const double eo . 854187817e- 12;
10 double scalex = (x1 - x0) / cols; 10 double scalex = (x1 - x0) / cols;
11 double scaley = (yl - y0) / rows; A% double scaleY = (y1 - y0) / rows;
12 12
13@ for(int i=0; i<rows; i++) { 13 #pragma omp parallel default(none) shared(cols, mat, rows, scal
4@ forlint j=0; j<cols; j++) { 14
15 double mat_ij = 0; 15 #pragma omp for schedule(auto)
16@ for(int k = 0; k = size; k+=4) { 16 forl(int 1=0; i<rows; i++) {
i double dx (scalex * j + x0); 17 for(int j=0; j<cols; j++) {
18 double d (scaley *1i + yo); 18 double mat_ij = 0;
18 double dz = veclk+2] - (z0); 19 for(int k = 0; k < size; k+=4) {
20 double charge = le-9 * vec[k+3]; 20 double dx = vec[k+0] - (scaleX * j + x0);
21 double dist = sqrt(dx*dx + dy*dy + dz*dz); 21 double dy = vec[k+1] (scaley * 1 + y0);
22 mat_ij += charge / dist; 22 double dz = vec[k+2] - (z0);
23 3 23 double charge = 1e-9 * vec[k+3];
24 mat[i]10j] = mat_ij / (4 * PI * e0); 24 double dist = sqrt(dx*dx + dy*dy + dz*dz);
25 ¥ 25 mat_ij += charge / dist;
26 b 26 b
27} 27 mat[1][j] = XliGonfigurepragms
28 28 ' Select Parallware flags
29 ’
30 } 7/ end parallel Earsdigm i
© <none> () openMP [ Threads
OpenACc / Offleading () SIMD / Vectorization
® Debug OpenAccC | OpenMP | pProfile Release
® Dependences
make -C "fhorme/userl/develjparallware-test/benchmarking/COULOMB" run PROFILE=0penMpP [ Independent
@
- Executing test... Hints
time (s)= 1.923598 () unbalanced workload
size =300 =
chksum = 4363573967 L_iRatae
OpenMP> 1.933 seconds
P ®cancel fpelete @ek
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EXPERIENTIAL LEARNING

- Higher productivity in HPC training
“Learn by Doing” & “Student-Centric”

Interactive Tool for
HPC Training AN, .

Play

Exercises
PARTICIPATING Discussion 20% - 75%

Demonstration

“Tell me, | will forget,
Show me, | may remember,

Involve me, | will understand.” - Confucius Audiovisual
RECEIVING Reading

Lecture

RETENTION OF LEARNING

IRATNER -

satiomculee Technologies

matt




Interactive Tool for

HPC Training

“Tell me, | will forget,
Show me, | may remember,
Involve me, | will understand.” - Confucius

MRAINER

MICROBENCHMARKS

- Mandelbrot
- Sparse Matrix - Vector product

- Laplace computations
- PGI compiler OpenMP & OpenACC



TECHNICAL FEATURES

- Interactive real-time editor GUI

- Assisted code paradllelization using
OpenMP & OpenACC

- Programming language C

HPC Trainin g - Detdailed report of the parallelism
discovered in the code

Interactive Tool for

“Tell me, | will forget,
Show me, | may remember,
Involve me, | will understand.” - Confucius

- Support for multiple compilers

MRAINER
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CONCLUSIONS

e Present Parallware Trainer at

SC16 Emerging Technologies Showcase
o Tuesday, Wednesday, Thursday 9:00 AM - 17:30 PM, Room 155-B
o Also booth talks at DoE, OpenMP and OpenACC

e Parallware Trainer Early Access Program:
o Invitation to participate (we need feedback)
o Contact me <manuel.arenaz@appentra.com>

e Confinue ORNL & Appentra collaboration:
o Prototype of Parallware Assistant for HPC developers
o Search other innovative tools based on Parallware
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