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s THSIS GIT. IT TRACKS COLLABORATIVE LIORK

(oo ON PROJECTS THROUGH A BEAUTIFUL
et . o DISTRIBUTED GRAPH THEORY TREE. MODEL.
us’ ;urce. ode { COOL. HOU DO WEVSE IT?
epository
, NO IDEA. JUST MEMORIZE. THESE. SHELL
: COMMANDS AND TYPE THEM TO SYNC R
Developer * Version control system for tracking changes O IF YOV GET ERDREOQS, S?WngU‘;E\E:’?RK
- - ELSEWHERE, DELETE THE PRO
and coordinating collaborative development. AND DOUNLDAD A FRESHCOPY.
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Push’ Source Code

Repository
Developer e Version control system for tracking changes O
and coordinating collaborative development.
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A Healthy Software Development Cycle

» Cross-platform Make
Push’ Source Code Cl Build

Repository
Continuous Integration (Cl)
Developer * Version control system for tracking changes
and coordinating collaborative development.

* Cl Build system continuously checks the compilation
success on different architectures.
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A Healthy Software Development Cycle

. M% CMake
» Cross-platform Make
Push’ Source.Code Cl Build
Repository

Continuous Integration (Cl)
Developer * Version control system for tracking changes
and coordinating collaborative development.

* Cl Build system continuously checks the compilation

success on different architectures.
© syne Q (©) buildjcudasore..

(©) buildjeudasoyg..

© buiidjeudasivel.
@ build/cuda91/g.
(© buidjcusasifin
(© buildfeudaszyel...
(©) buildjcudas2/g..
© vuiideudazri..
@ build/cuda100...
@ build/cuda100...
@ build/cudal00i.
(©) buildjnocudalel...
(© buildinocuda/cl...
(©) buildjnocudalg...
(©) buildinocudalg...
(©) buildinocudarin...
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Test

@ test/cudagocl...

@ test/cudag0/gc...
(© testicucagiicia...
©) testjcudagiyge..

© testjcudagnjint...
© testjcudagzicl...
©) testcudagzige...
@ test/cudagz/int..
@ test/cudal0oycl.

@ test/cudal00/g...
@ test/cudal0o/in...
(@) testinocudarca..
© testinocudarcla

@ test/nocudagc...
@ test/nocudagc...
(©) testinocudayint..

@ test/nocudafint...

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

.Q

Q

Q

Q

Q

Code_quality
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O_O_Lg:ng—o » CMake o)) googletest 1. Is my software working (COmpi/ing)y
Cross-platform Make gle G-t Testing Framework

P
Source Code Cl Build Cl Test
Repository

2. Is my software working (does the
correct things)?

Continuous Integration (Cl)
e Version control system for tracking changes
and coordinating collaborative development.
e Cl Build system continuously checks the compilation
success on different architectures.
* Unit tests ensure functionality and validity
of all building blocks.

Continuous 10 buids

3. Is my software working fast?
(the High in HPC)?
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O_%Q ACMake % googletest 1. Is my software working (compi/ing)y
Source Code » ’ » <

Push Cl Build T
’ Repository ul est 2. Is my software working (does the
correct things)?

- Continuous Integration (Cl)
Developer * Version control system for tracking changes 3
and coordinating collaborative development.
e Cl Build system continuously checks the compilation
success on different architectures.
* Unit tests ensure functionality and validity
of all building blocks.
* In HPC software development, we want to make sure
new contributions do not degrade performance!

Is my software working fast?
(the High in HPC)?
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Developer
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Source.Code Cl Build
Repository

@l googletest
P,

Cl Test

Continuous Integration (Cl)

e Version control system for tracking changes
and coordinating collaborative development.

e Cl Build system continuously checks the compilation

success on different architectures.
* Unit tests ensure functionality and validity
of all building blocks.

Cl Benchmark Tests
* In HPC software development, we want to mak

new contributions do not degrade performan
* Idea: Automated benchmark runs
every time new code is added.

Hartwig Anzt: Towards Continuous Benchmarking (Cl)

cel
S Schedule in
2, “Q Batch System

HPC System
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1. Is mysoftware working (compi/ing)y

2. Is my software working (does the
correct things)?

3. Is my software working fast?
(the High in HPC)?
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@l googletest
D

Cl Build Cl Test

Source Code
Repository

colooe » A CMake

Continuous Integration (Cl)
Developer * Version control system for tracking changes
and coordinating collaborative development.
e Cl Build system continuously checks the compilation
success on different architectures.
* Unit tests ensure functionality and validity

of all building blocks. cl Benchmark Tests
* In HPC software development, we want to mak

new contributions do not degrade performancel _
S U2y Schedule in
* |dea: Automated benchmark runs o 1/;
\ 7[17\\

) i Batch System
every time new code is added.

HPC System
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o = \
O_Q%O ACMake ¥ googletest
P h S C d Cross-platform Make » ’ eSS
o ’ ouree ode I Cl Build Cl Test
Repository Ve
—= Continuous Integration (Cl)
Developer * Version control system for tracking changes
and coordinating collaborative development.
e Cl Build system continuously checks the compilation

success on different architectures.
* Unit tests ensure functionality and validity

of all building blocks. cl Benchmark Tests
* In HPC software development, we want to mak

new contributions do not degrade performancel- _
S U2y Schedule in
* |dea: Automated benchmark runs - 1/5
\ 7[17\\

) i Batch System
every time new code is added.

Security Thrust!
* External code is run on HPC system
e Possible point of attack

HPC System
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o0 8 8 A 8 CMake # Y googletest "
Push Source Code » Crossplatiorm Make » £ Trusted Reviewer
’ . Cl Build Ol Test s
Repository

[ Code Review ]

Developer ‘

Merge into
Master Branch

[CI Benchmark Tests] * Manual code reviews by trusted
reviewers who take responsibility

for executing code on the HPC

QE} ‘ Schedule in
?“ S Batch System system.

HPC System
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googletest

M%»ACM—&’“?»

Trusted Reviewer
Source .Code Cl Build Cl Test N
Repository

Continuous Integration (Cl) [ Code Review ]

Developer ‘

Merge into
Master Branch

I:CI Benchmark Tests] * Manual code reviews by trusted

reviewers who take responsibility
g ‘ Schedule in for executing code on the HPC
?7" S Batch System system.

How to archive the results and
make them accessible?

* How do | analyze them?

* How to automatically detect
performance degradations?

HPC System
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googletest

M%»ACM—&’“?»

Trusted Reviewer
Source.Code al Build Ol Test
Repository N
Continuous Integration (Cl) [ Code Review ]
Developer ‘
Merge into
— T Master Branch
N— -

: 4
0 glt « I: Cl Benchmark Tests] e Store data in separate repository.

Performance Data Repository * Use JSON data exchange format.

~—— — D) ‘ Schedule in
(=) 1/3
50 S Batch System

HPC System
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@l googletest
Google C++ Testing Framework
p

colooe » A CMake

Trusted Reviewer
Source.Code al Build Ol Test
Repository s
Continuous Integration (Cl) [ Code Review ]
Developer ‘
Merge into
— T Master Branch
N— -

: " 4
0 glt « I: Cl Benchmark Tests] * Store data in separate repository.

Performance Data Repository * Use JSON data exchange format.
\Aﬁ _— @ ‘ Schedule in « Constantly compare performance
\97 ['1/\\Q

] ] against archived performance data
Continuous Benchmarkiag (CB) Batch System g p

to detect regressions caused by

algorithm changes, compiler / OS
15 08/30/2019 Hartwig Anzt: Towards Continuous Benchmarking (Cl) GridKa 2019
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@l googletest
Google C++ Testing Framework
p

colooe » A CMake

Trusted Reviewer
Source.Code al Build Ol Test
Repository s
Continuous Integration (Cl) [ Code Review ]
Developer ‘
& .
o'\z Merge into
Q‘ 7 TN Master Branch

CHNRI . ,
(0 Y
.\(\Qb\(\g 0 glt « [ Cl Benchmark Tests] e Store data in separate repository.

$o& e‘;& Performance Data Repository

e Use JSON data exchange format.

T Sl i * Constantly compare performance
@ ‘ Batch System against archived performance data
to detect regressions caused by

algorithm changes, compiler / OS
system changes, etc.
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@l googletest
Google C++ Testing Framework
D

colooe » A CMake

Trusted Reviewer
Source Code Cl Build Cl Test s
Repository
“““““ Continuous Integration (Cl) [ Code Review ]
Developer ‘
Merge into
— Y Master Branch
N— -

: ,
= ‘ 0 glt «[CI Benchmark Tests]  Store data in separate repository.
f .

A @ ‘ Schedule in * For performance analysis: Cloning
| . | 2 . & a huge repository is expensive.
Continuous BéenchmarkRg (CB) e BatchSystem § BE TEpORITaTY 15 EXP

”Interest in my experiments, only.”
Users iJ
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AN

Source.Code Cl Build
Repository

Continuous Integration (Cl)

— TN
S A

Performa Data Repository

% googletest -
» - Trusted Reviewer
Cl Test N

Vgt g oo T],

Batch System

I ‘ Schedule in
o 2, ",“Q
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Code Review

) 4

Merge into
Master Branch

Store data in separate repository.
Use JSON data exchange format.
For performance analysis: Cloning
a huge repository is expensive.
”Interest in my experiments, only.”
Interactive web-based
Ginkgo Performance
Explorer (GPE).

GPE

[=;

[=]

GridKa 2019
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I3 -
“~ Ginkgo Performance Explorer Q0
H Step 1: Select Select raw benchmark results to A e
I Data Se|eCtI0n Ta b I benchmark results import and view. Step 3: View transformed results Da ta a nd PIOt
View the resulting plot, or raw transformed data VI ewer
Select result files
Result Summary v Results Transformed Plot
Result files to use in the next steps
Performance data root URL (advanced®) * Best SpMV format
https://raw.githubusercontent.com/ginkgo-project/ginkgo-data/master/data * 1000
URL to a folder containing a 1ist.json file 900
800
700
£ 600
o
. 2 500
Transformation Step 2: Transform results T 400
. . For plotting, create a Chart.js config object. Use JSONata to extract 300
SCI'I pt E d | tor interesting parts of raw data 200
100
Select an Use an example transformation script as a 0— L
example starting point v csr coo hybrid sellp ell
74 B
8 "type": "bar",
9 "data": {
10 "labels": $formats,
1 "datasets": [{
12 "data": $counts,
13 "backgroundColor": $formats~>$map( function
14 "hsl(" & 360 * $i / ($a~>$count()) & ",40
15 19
16 ]
17 T
18 "options": {
19 "legend": { "display": false },
20 "title": {
21 "display": true, Ch _GPE
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[ 3 -
“~ Ginkgo Performance Explorer Qo 0O
H Step 1: Select Select raw benchmark results to A e
I Data Se|eCtI0n Ta b I benchmark results import and view. Step 3: View transformed results Da ta a nd PIOt
View the resulting plot, or raw transformed data VI ewer
1 Select result files
’ Result Summary M Results Transformed Plot
Se/ect Data In Glt Result files to use in the next steps
. Performance data root URL (advanced®) * Best SpMV format
reposi tory https://raw.githubusercontent.com/ginkgo-project/ginkgo-data/master/data * 1000
URL to a folder containing a 1ist . json file 900
800
700
£ 600
Q
. S 500
Tra nSfor ma t| on Step 2: Transform results S 400
. . For plotting, create a Chart.js config object. Use JSONata to extract 300
SCFI pt E d | tOF interesting parts of raw data 200
100
Select an Use an example transformation script as a 0— ] £/
example starting point v csr coo hybrid sellp ell
7 { B
8 "type": "bar",
9 "data": {
10 "labels": $formats,
1 "datasets": [{
12 "data": $counts,
13 "backgroundColor": $formats~>$map( function
14 "hsl(" & 360 * $i / ($a~>$count()) & ",40
15 19
16 H
17 T
18 "options": {
19 "legend": { "display": false },
20 "title": {
21 "display": true, o GPE
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“~ Ginkgo Performance Explorer Q0
H Step 1: Select Select raw benchmark results to A "
I Data Se|eCtI0n Ta b I benchmark results import and view. Step 3: View transformed results Data a nd PIOt
View the resulting plot, or raw transformed data Vlewe r
1 Select result files
: Result Summary - Results Transformed Plot
Select Data in Git Result files to use in the next steps
. Performance data root URL (advanced®) * Best SpMV format
re pOSI tOI’y https://raw.githubusercontent.com/ginkgo-project/ginkgo-data/master/data * 1000
URL to a folder containing a 1ist.json file 900
800
700
£ 600
Q
. g 500
Tra nSfor ma t| on Step 2: Transform results S 400
. . For plotting, create a Chart.js config object. Use JSONata to extract 300
SCFI pt E d | tOF interesting parts of raw data 200
100
Select an Use an example transformation script as a 0— ] L
2 example starting point v csr coo hybrid sellp ell
. 7 { B
Wr’te .ISONata 8 "type"; "bar"’
. . / 9 "data": {
Scrlpt to visualize 10 "labels": $formats,
1 "datasets": [{
data (examples 12 "data”: $counts,
. 13 "backgroundColor": $formats~>$map( function
are provided). 14 "hs1(" & 360 * $i / ($a~>$count()) & ",40
15 b
16 }]
17 }
18 "options": {
19 "legend": { "display": false },
20 "title": {
21 "display": true, o _GPE
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Ginkgo Performance Explorer (GPE)

I Data Selection Tab I

1.

“~ Ginkgo Performance Explorer

e O

Step 1: Select

benchmark results import and view.

Select result files

Select raw benchmark results to A

Result Summary v
Se/ect Data In Glt Result files to use in the next steps
. Performance data root URL (advanced®) *
re pOSI tory https://raw.githubusercontent.com/ginkgo-project/ginkgo-data/master/data *
URL to a folder containing a 1ist. json file
Tra nSfor ma t| on Step 2: Transform results

Script Editor

2.

Write JSONata
script to visualize
data (examples
are provided).

22 08/30/2019

For plotting, create a Chart.js config object. Use JSONata to extract
interesting parts of raw data

Select an Use an example transformation script as a
example starting point

7 A

8 "type": "bar",

9 "data": {

10 "labels": $formats,

1 "datasets": [{

12 "data": $counts,

13 "backgroundColor": $formats~>$map( function
14 "hsl(" & 360 * $i / ($a~>$count()) & ",40
15 19

16 }]

17 }.

18 "options": {

19 "legend": { "display": false },

20 "title": {

21 "display": true,

Problems

Step 3: View transformed results
View the resulting plot, or raw transformed data

Results Transformed

Best SpMV format
1000

csr coo hybrid

Plot

sellp

ell

AT

Karlsruhe Institute of Technology

Data and Plot
Viewer
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3.
Analyze data
visually.

. GPE
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Allows anyone to access & visualize Ginkgo Performance data in a browser.

“~ Ginkgo Performance Explorer o0
Step 1: Select Select raw benchmark results to . Step 3: View transformed resuits
benchmark results import and view.
View the resulting plot, or raw transformed data
Select resuit files
Result Summary M Results Transformed Plot
Result files to use in the next step
Performance t URL (advanced®) * Best SpMV format
https://raw.githubusercontent.com/ginkgo-project/ginkgo-data/master/data & 1000
a folder containing a 1ist . json file 900
800
700
2 600
g
g 500
Step 2: Transform results f: 400
For plotting, create a Chart.js config object. Use JSONata to extract 300
interesting parts of raw data 200
‘m
Select an Use an example transformation script as a 0 —
example starting point v csr coo hybrid sellp ell
7 A
8 "type": "bar",
9 "data": {
10 "labels": $formats,
1 "datasets": [{
12 "data": $counts,
13 "backgroundColor": $formats~>$map( function
14 "hsl(" & 360 * $i / ($a~>$count()) & ",40
15 13
16 3
17 }
18 "options": {
19 "legend": { "display": false },
20 "title": {
21 "display": true,

08/30/2019

https://ginkgo-project.qgithub.io/gpe/
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Data for 3,000 test matrices from SuiteSparse, sparse matrix vector product performance.
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Performance profile on V100_saturn(cuda)

B coo B hybrid [l sellp B !l Il cusp_coo [l cusp_ell i} cusp_hybrid

100

% of problems
B O
o O

10—

N S T o 8 TS B e o 6 b e b b o e o 6
P @ P A L ® P oL L P oL o
N . S . N . © . N
)\. )\ )\(.b )\. )\ )\q.) q/. q/(.") (]/. (1/ q/q.) (b.

Maximum slowdown factor over fastest
| L . . - GPE
Dolan & More: Benchmarking optimization software with performance profiles
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| |D better

DD scientific
SOV ECI https://bssw.io/

Continuous Benchmarking Benefits

* Archiving performance data along with execution parameters ensures full benchmark reproducibility.
* Comparing the performance results over the code lifetime identifies performance degradations.

* Ease of use: the setup allows to launch benchmark with few clicks.
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| |D better

Continuous Benchmarking Benefits

DD scientific
SO E I https://bssw.io/

* Archiving performance data along with execution parameters ensures full benchmark reproducibility.
* Comparing the performance results over the code lifetime identifies performance degradations.

* Ease of use: the setup allows to launch benchmark with few clicks.

Ginkgo Performance Explorer (GPE) Benefits
* The design of GPE efficiently realizes the analysis as web service, removing the need for downloading
performance data to local disk or installing additional software.

* External developers without access to HPC systems can test and engineer their codes on HPCresources.

* Extensibility: Option to compare performance with other software libraries.

. GPE

https://bssw.io/blog_posts/the-art-of-writing-scientific-software-in-an-academic-environment
Anzt et al: “Towards Continuous Benchmarking: An Automated Performance Evaluation Framework for High Performance Software”, PASC 2019.
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‘ Q(oo\z I]D better f Karlsruhe Institute of Technology
i 5" .o i . scientific
Contin'® . B¥nchmarking Benefits
ov &% & DD software https://bssw.io/

" °
.\oQ o\o
@OO‘* ‘;@,.ving performance data along with execution parameters ensures full benchmark reproducibility.
<
\Q&QComparing the performance results over the code lifetime identifies performance degradations.
%
*o(‘ * Ease of use: the setup allows to launch benchmark with few clicks.

?3\

Ginkgo Performance Explorer (GPE) Benefits

The design of GPE efficiently realizes the analysis as web service, removing the need for downloading
performance data to local disk or installing additional software.

External developers without access to HPC systems can test and engineer their codes on HPC resources.

* Extensibility: Option to compare performance with other software libraries.

. GPE

Anzt et al: “Towards Continuous Benchmarking: An Automated Performance Evaluation Framework for High Performance Software”, PASC 2019.

https://bssw.io/blog_posts/the-art-of-writing-scientific-software-in-an-academic-environment
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Learn More about Ginkgo A\‘(IT
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Ginkgo

https://ginkgo-project.github.io/

* Open-source C++ framework for sparse linear algebra.

e Sparse linear solvers, preconditioners, SpMV etc.

* Genericalgorithm implementation:
+ reference kernels for checking correctness;
+ architecture-specific highly optimized kernels.

* Focused on GPU accelerators (i.e. NVIDIA GPUs).

* Software quality and sustainability efforts
guided by xSDK community policies: "

. 0 0 https//xsdk.info/
open source

. M Terry Cojean Goran Flegar Thomas Pratik Nayak Tobias Ribizel
Griutzmacher

- A\ CMake DD better

2 scientific
. %99'” V DD SOVETCI hitps://bssw.io/
GitLab CI
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