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Internship program XK

Overview of projects

n Lecture Materials: developed three lecture materials on MPI
E Git Website: documentation for PaScalL_TDMA library

Benchmark: performance benchmark of large sparse matrix using three libraries
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B} Lecture Materials

Developed three lecture materials on MPI

Part 1 (~29 pp.)

Contents

388 HPCoRvoion

Aoz
HPC RUN-

iz
PC RUN-UP

Wrote up 6+ jupyter notebook
materials for MPlI Workshop

" Python2 2 A &5t= HEAFTE

MPI Parallelization with Python
Supercomputing Center, KISTI | Oh-Kyoung Kwon
MPI Parallelization

Data decomposition (domain decomposition)
« Each core has its own data

Each core communicates necessa

Calculation is automatically divid¢

8 April 2024

It fits for MPI parallelization Oh—Kyoung Kwon
Supercomputing Center, KISTI

Programmer should do everything: dil

Python2 2 &l&ot= HEHFE

ol

Wrote up a jupyter notebook
material for MPI Workshop

https://github.com/cold-young/2024_KISTI_Intern/

NN w/ MPI NN w/o MPI

Segmenation model: [8, 9, 1, 2, 6]

MNIST segmentation NN w/ MPI

Converted NN w/ MPI example
to Python from C code
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Internship program Ki

Overview of projects

n Lecture Materials: developed three lecture materials on MPI
E Git Website: documentation for PaScalL_TDMA library

Benchmark: performance benchmark of large sparse matrix using three libraries

AAAH Y MH sl MKt £X| 2to|E22{2| JHEL / HPC Library for Exascale Linear Solvers

1587 - 2%} ¢=(2024)

AR *Hol7|z}
xzIfg e
1 2 3 4 5 6 7 8 9 10 11 12 (&5712)
K| 2to|E2{2| S8 MEA 1E
Zx|z
7y TUtRHERE 527 iy (KISTI)
=) st ol M5 Tt
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Git Website

Documentation for PaScaL_TDMA library

@ PaScal_TDMA  rubiic

PaScaL_TDMA v2.0

Documentation

ar s

PaScal_TDMA
Introduction
QOverview
Features
Authors
Versions
Citation
Installation
Performance
Theory
Links
Reference
Modules
Data Types List

Files

Introduction

Overview

Parallel and Scalable Library for TriDiagonal Matrix

Algorithm

PaScal_TDMA provides an efficient and scalable
computational procedure to solve many tridiagonal
systems in multi-dimensional partial differential
equations. The madified Thomas algorithm proposed
by Laszlo et al.(2016) and the newly designed
communication scheme have been used to reduce the
communication overhead in solving many tridiagonal

systems

This library is for both single and many tridiagona

systems of e ons. The main algorithm for a

tridiagonal matrix consists of the following five steps

+ (1) Transform the partitioned submatrices in the
tridiagonal systems into modified submatrices

Each computing core transforms the partitioned

Performance

Vectorization

CPU Parallel benchmark

Table of Contents

CPU Parallel benchmark

MP1 and OpenMP
parallelization

MPI w/ OpenMP hybrid
parallelization

MPI: PaScal_TDMA single vs.
PaScal_TDMA_many

3D Heat Transformer
Benchmark

GPU Parallel benchmark

Experimental Setup

Why

Role

Result

https://xccels.github.io/PaScaL_TDMA/

Second year targets of
AAAAIY M SH M} =X| 2to|H{2] JH

YRz

K| 2o|ezig| Eg HE A A=
B +x atol=eiz) Se Mats 72 (KISTI

* Develop GitHub repository &
PaScalL_TDMA Library documentation site

« Created xccels/PaScaL_TDMA repository

Wrote up 5+ documentation web pages
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Performance benchmark of large sparse matrix using three libraries

Second year targets of

Parallel performance benchmark AUALAA|Y M SHAIRE 22| 2H0| =22 T
of large sparse matrix (DE Why EeTE—— e
using SuperLU-DIST, Strumpack and PaScalL_ TDMA 2| st ol s ot (KISTI)

“OHAtE, 1A MYK|E

« Parallel benchmark of large sparse

Total time (sec.) Role matrix using three libraries
3 B SuperLU-DIST 348.092226
g « PaScalL_TDMA is best suited to
" Strumpack 337.743508 compute large tridiagonal matrices.
| \ Result « (ongoing) Conference poster for
‘ PaScalL_TDMA 0.034142 targeting CDE in 2024
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Parallel Performance Benchmark of Large Sparse Matrix
using SuperLU-DIST, Strumpack, and PaScaL_TDMA

"okAte, 127 MUK

—

Mot

Problem We need to find suitable sparse matrix solvers that enhance efficiency.

Challenge Sparse matrix solver encounter challenges in computational efficiency,
becoming a computational bottleneck.

Solution We provide a comparative performance benchmark of three parallel solvers.

(am
o
rm
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Benchmark

Experimental setup

Parallel Performance Benchmark of Large Sparse Matrix CDE
using SuperLU-DIST, Strumpack, and PaScaL_TDMA —_—

Benchmark total and factorization times with nine large sparse matrices

Comparative performance benchmark of three parallel solvers; SuperLU-DIST, Strumpack, and PaScaL_TDMA

* All the computations were executed on the Nurion manycore cluster at KISTI.

g7jac200
torso1
twotone
stomach
ML_Laplace
RMO7R
mc2depi
ecology1
2563 TDM

r/c
59,310
116,158
120,750
213,360
377,002
381,689
525,825
1,000,000
16,777,216

NNz
717,620
8,516,500
1,206,265
3,021,648
27,582,698
37,464,962
2,100,225
4,996,000
50,331,646

ratio
2.38E-04
6.31E-04
8.40E-05
6.64E-05
1.95E-04
2.57E-04
7.60E-06
5.00E-06
1.79E-07

\\ :’Q B
NG X
b . Q\
Ry NG
e \ i\.‘.,-:.\
R, N "N
Y A ;
AN
TINY
g7jac200 torsol twotone stomach
A Y
A
. \
N
.
T
ML_Laplace mc2depi ecology1 RMO7R
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Internship program [iSTi

Parallel Performance Benchmark of Large Sparse Matrix CDE

Benchmark using SuperLU-DIST, Strumpack, and PaScal_TDMA botord

B Overall performance

Benchmark of Three Parallel Solvers on a 2562 Tri-diagonal Matrix

3| —o— SuperLU-DIST 103 i —— SuperLU-DIST
W T~ B B
) 10°F Total time (sec) speed up (2*5)
107 ¢
,mll 3 SuperLU-DIST  348.092226 1.2
2 s 10'F
E o' ) 4 g STRUMPACK 337.743508 3.9
= x 10 2
g ERC; PaScaL_TDMA  0.034142 15.5
107 ¢ u::
* A 2563 tri-diagonal matrix was tested in Nurion
. 10 normal nodes, with a range of 1-4096 cores.
10 "¢
1 2 4 8 16 32 & 128 2% 1 2 4 8 16 32 64 128 256 512 102420434096

Number of cores Number of cores

« PaScalL_TDMA computes the 2563 tri-diagonal matrix in the shortest total time of 0.034142 seconds.

+ The solver also shows the best improvement in computation speed due to parallelization.
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Internship program [iSTi

Parallel Performance Benchmark of Large Sparse Matrix CDE

Benchmark using SuperLU-DIST, Strumpack, and PaScal_TDMA botord

B Baseline 1: SuperLU-DIST (1/3)

Optimization of -r —.c Parameters for RMO7R

np r c
—a— RMOTR (nx1) A a— np2
10°F —a— RMOTR (best) * & np4 2 1 2
3 i np Tg
r it
x5 1o A |1g 32 4 1 4
& np 64
A a - npl28
%2 %5 & np 256
* & A np 512 8 2 4
E E
2 2 a 2 16 2 8
o o
g 2 s
= = a *
E E a 32 4 8
= = A
10 a a
EY X 1 7 . * a a a 64 4 16
a
\\\ A A P p,
S § * “ a 128 8 16
. a a R
e S 4 -
""""" a S 256 16 16
1 2 4 8 16 32 o4 128 256 512 1024 1 2 4 8 16 32 o4 128 256 512
r f 512 16 32

« Two parameters, -r and -c, affect the performance of total and factorization times.

» As the number of cores increases, the optimized value of parameter -c tends to rise from1to 2, 4 ... 16.
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Internship program

Benchmark

B Baseline 1: SuperLU-DIST (2/3)

Parallel Performance Benchmark of Large Sparse Matrix
using SuperLU-DIST, Strumpack, and PaScaL_TDMA

Benchmark of SuperLU-DIST on Six Large Sparse Matrices

<
ta
T

Total time (sec)

—8— o7jac200
—¥— ML _Laplace
—a— RMO7R
—® mc2depi
—¥-- ccologyl
-~ tdm 256”3

1 2 4 8 16 32
Number of cores

(a) Total Time

[

128 256 512 1024

Factorization time (sec)

,_.
=
o
T

__1____.

—8— g7jac200
—¥— ML_Laplace
—a— RMO7R
—o— mc2depi
—¥- ecologyl
—4— tdm 256”3

1 2 4 8 16 32
Number of cores

o4 128 256 512 1024

(b) Factorization Time

r/c ratio SP(Z?\%)U P
g7jac200 59,310 2.38E-04 10.1
RMO7R 381,689 2.57E-04 8.1
ML_Laplace 377,002 1.95E-04 3.4
mc2depi 525,825 7.60E-06 1.1
ecology1 1,000,000 5.00E-06 1.7
256° TDM 16,777,216 1.79E-07 1.2

* These six matrices have been tested in Nurion
normal nodes with a range of 1-1024 cores.

The number of nonezero

nnz_ratio =
The number of all elements

+ The efficiency of parallelization tends to decrease as the nonzero ratio decreases in SuperLU-DIST.
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Internship program

Parallel Performance Benchmark of Large Sparse Matrix

Benchmark using SuperLU-DIST, Strumpack, and PaScal_TDMA

B Baseline 1: SuperLU-DIST (3/3)

Benchmark of SuperLU-DIST on Two Large Sparse Matrices

ol E—— , S g7jac200 twotone mc2depi
§ B . e
_ = ekt “ Il T lem r/c ratio sp(‘;‘ig;' 4
x torso1l 116,158 6.31E-04 1.44
7 - g7jac200 59,310  2.38E-04 10.1
2l NOL e ] RMO7R 381689  2.57E-04 8.1
E i ML_Laplace 377,002  1.95E-04 3.4
twotone 120,750  8.40E-05 18.2
stomach 213,360  6.64E-05 3.0
S mc2depi 525,825  7.60E-06 11
Lo’} e o ecologyl 1,000,000 5.00E-06 1.7
Humber of cores e oreors 256° TDM 16,777,216  1.79E-07 1.2
(a) Total Time in two outliers (b) Total Time in six matrices

* The parallelization of two outlier matrices tends to increase as the nonzero ratio decreases in SuperLU-DIST.
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Internship program

Parallel Performance Benchmark of Large Sparse Matrix CDE

Benchmark using SuperLU-DIST, Strumpack, and PaScal_TDMA botord

B Baseline 1 & 2: SuperLU-DIST vs. STRUMPACK

—e— mc2depi(superlu)

103 L —e— g7jac200 (suplerlu) 103 L
—e— g7jac200 (strumpack) —e— mec2depi(strumpack)
x5 —¥- twotone (suplerlu) x5 -¥- ML Laplace(superlu)
B —¥- twotone (strumpack) B —¥- ML Laplace(strumpack)
3 — SuperLU > STRUMPACK
_— ‘\ _
2 : 2 g7jac200 twotone
o o e+ o
810 g =
E AU NN
g &
A
SuperLU < STRUMPACK
B e e 4
10'r ‘ ‘ ‘ ‘ . ‘ ‘ S
1 2 4 8 16 32 64 128 I 2 4 8 16 32 o4 128 256 512 1024 ML_Laplace mc2depi
Number of cores Number of cores
(a) SuperLU > STRUMPACK (b) SuperLU < STRUMPACK

As the diagonal components become denser, SuperLU may tend to outperform STRUMPACK.
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Parallel Performance Benchmark of Large Sparse Matrix
BeHCh ma rk using SuperLU-DIST, Strumpack, and PaScaL_TDMA CDE

B Conclusion & Discussion

— 10,000 times faster than baseline solvers.
10°

= PaScal_TDMA remains stable with increased cores and

3| —e— SuperLU-DIST . . . .
10 \&'\ o Paset ToMA = PaScal_TDMA performs tri-diagonal matrix computations
—p—
2

£ 10 x 10 maintains high computation speed.
2 (SuperLU-DIST: over 16 cores, STRUMPACK: 64 cores)
10° -
ol = The results of these performance benchmarks highlight the
necessity for optimized solvers based on matrix structure.
1 2 4 8 16 32 64 128 256

Number of cores
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Parallel Performance Benchmark of Large Sparse Matrix CDE
using SuperLU-DIST, Strumpack, and PaScaL_TDMA

Benchmark

B Future Work

It is essential to conduct a comprehensive performance comparison of the three solvers,

including a time analysis with MPI functionality.

Matrix structure impacts parallelization performance;
analyzing this can provide valuable insights for developing more suitable libraries.

Diagonal matrix form reduces parallelization impact in SuperLU-DIST.
Increased density of diagonal components decrease parallelization impact in STRUMPACK.
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Internship program

Conclusion

Bl Lecture Materials: developed three lecture materials on MPI

Git Website: documentation for PaScaL_TDMA library

Benchmark: performance benchmark of large sparse matrix using three libraries

AALAA| Y ME S MK} ~X| 2fo|EH2{2| JHE / HPC Library for Exascale Linear Solvers

15 - 24} 91=(2024)

:’:IH_HQ. FEUH x_‘Hocljlpd
1 2 3 5 6 7 8 9 10 1 12 (&5712
A%| 21|22 2| E&F HEA pE
FioNkS )
A aR os e (KIST]) » PaScal_TDMA repo / website
A= weto 3l s 27}
BHE EEK(%) | A& oixfe = (E7/HE)
() | AECHHEE HMi0l i) 5271(NURION KNL)OL 102455 » E Benchmark two baselines on Nurion
(H2H SAF 4% 2to|=e{2| CiH| Ms 20 1 2;} oic | (65,53630|, 3PF)7tX| 2 2to|=2{2|(SuperLU, Strumpack, an, from 1 node to 32 nodes. (50%)
T ScaLAPACK)2te| 415 B|2 3 70%2] A5 24

* 2023 HAHEA /1-2. WIL FOFHO| AHAE FH
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B Appendix

B Diagonal Correlation Factor (Fail)

g7jac200
torso1
twotone
stomach
ML_Laplace
RMO7R
mc2depi
ecology1

256° TDM

r/c

59,310
116,158
120,750
213,360
377,002
381,689
525,825

1,000,000

16,777,216

nnz

837,936
8,516,500
1,224,224
3,021,648

27,689,972

37,464,962
2,100,225
4,996,000
50331646

nonzero
ratio

2.38E-04
6.31E-04
8.40E-05
6.64E-05
1.95E-04
2.57E-04
7.60E-06
5.00E-06

1.79E-07

Diagonal
correlation
factor
0.933829
0.118738
0.985866
0.999528
0.999949
0.805946
0.999998
0.999999

0.999999

superlu
speedup

10.1
1.4
18.2
3.0
3.4
8.1
1.1
1.7

1.2

strumpack
speedup

0.9
3.8
0.9
2.6
3.9
error
2.5
3.0
3.9

PTDMA

15.5

Benchmark

Pearson Correlation Factor
o (3- %) (- ¥)
V= (%) o (v

TXy =
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B Appendix

B All Matrices Benchmark in SuperLU-DIST

107

Total time (sec)

10

10°r

29644449

g7jac200
torsol
twotone
stomach
ML_Laplace
RMO7R
me2depi
ecology
tdm 2563

s

8§ 16 32 o4

Number of cores

128 256 512 1024

Factorization time (sec)

10’

2
10°

10

L —o—
o
x5 ——
——
x2 —o—
—o—
o
——
o

g7jac200
torsol
twotone
stomach
ML_Laplace
RMO7R
me2depi
ecology
tdm 2563

1 2 4 8 16 32 64 128 256 512 1024

Number of cores

Benchmark
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B Appendix

Bl All Matrices Benchmark in STRUMPACK

Total time (sec)

10’

10°

10

x5

N

x2

g7jac200
torsol
twotone
stomach
ML_Laplace
RMO7R
me2depi
ecology
tdm 2563

4ettites

© Lo}

s

8 16 32 064 128 256 512 1024
Number of cores

Factorization time (sec)

2
10™

10

10

g7jac200
torsol
twotone
stomach
ML_Laplace
RMO7R
me2depi
ecology
tdm 2563

I 2 4 8 16 32 064 128 256 512 102420434096

Number of cores

Benchmark
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B Appendix

B Useful links

https://xccels.github.io/PaScalL_TDMA/ Public repository / PaScaL_TDMA Library
https://github.com/cold-young/2024_KISTI_Intern/ Public repository / MPI with segmentation materials, documentation for Supercomputing .....
https://github.com/cold-young/2024-CDE-KISTI/ Private repository / All benchmark files: three benchmark file, raw data, and visualization utils
Google Drive Google Drive / All benchmark data; Total and factorization times of three solvers
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https://github.com/cold-young/2024_KISTI_Intern/
https://xccels.github.io/PaScaL_TDMA/
https://github.com/cold-young/2024-CDE-KISTI/
https://drive.google.com/drive/folders/1Xt1p4h5WvBrWtQVF_1P3A4woMD6hPwjl?usp=drive_link
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