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Background: IDEAS Productivity Project

The IDEAS Productivity project

is part of the DOE Exascale
Computing Program.

¥¥ Improve scientific

productivity by qualitatively
improving developer
productivity.

¥¥ Improve software

O

sustainability: reduce the
cost of maintaining and
evolving software
capabillities.
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About IDEAS

Project Vision

Advances in next-generation computational science and engineering (CSE) require the development of applications that can fully
exploit emerging extreme-scale architectures for optimal performance and provide high-fidelity multiphysics and multiscale
capabilities. To help address overwhelming complexity, the IDEAS family of projects focuses on improving scientific productivity by
qualitatively improving developer productivity (positively impacting product quality, development time, and staffing resources)
and software sustainability (reducing the cost of maintaining, sustaining, and evolving software capabilities in the future)—
thereby enabling a fundamentally different attitude to creating and supporting CSE applications.

We are creating an extreme-scale scientific software development ecosystem composed of high-quality, reusable CSE software
components and libraries; a collection of best practices, processes, and tools; and substantial outreach mechanisms for
promoting and disseminating productivity improvements. We intend to improve CSE productivity by enabling better,

faster and cheaper CSE application capabilities for extreme-scale computing.

Objectives

IDEAS projects address productivity concerns that are emerging from important trends in extreme-scale computing for science
and engineering. In particular, the projects:

« Address a confluence of trends in hardware and increasing demands for predictive multiscale and multiphysics
simulations, analysis, and design.

« Respond to a trend of continuous refactoring with efficient, agile software engineering methodologies and improved
software design.
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The goals of this work

High-level goal: We want to determine whether analyzing development
data can lead to positive change in HPC software development.

Subgoal (this talk): Automatically identify software development
patterns that have been shown to have impact on productivity and/or
code quality.

Approach: Analyze available data, such as git activity, issues, mailing lists
to help formulate and answer questions about development processes and
their impact on projects.
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Questions that can be answered (in part) with the help of
data analysis
How active is the developer community? (git, issues, emails)

What parts of the code base could benefit from review or refactoring?
(git, issues)

What is the project’s reliance on individual developers? (git)

How are developers’ contributions split among different categories?
(git, manual labeling required)

How engaged are the user and developer communities? (PRs, issues,
mailing lists)

What are some hot topics of discussion? (issues, mailing lists)

How do developers collaborate? (git, issues, mailing lists)

e B e ©e
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Common patterns with known implications

Pluralsight book (2019)":

“20 patterns is a collection of work patterns
we’ve observed in working with hundreds of
software teams. Our hope is that you'll use oy A

this field guide to get a better feel for how the —|[ERSERRH AN R
team works, and to recognize achievement,
spot bottlenecks, and debug your
development process with data.”

What we do:

¥¥ Identify patterns that are relevant to
HPC (open-source) software
development

¥¥ Characterize each pattern using data
from revision control systems and
developer communications

"https://www.pluralsight.com/content/dam/pluralsight2/landing-pages/offers/flow/pdf/Pluralsight_20Patterns_ebook.pdf
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Example metrics

Metric

Description

Monthly bug fix rate

Computes cumulative count of bugs closed each month, starting from the beginning of the project. A
higher value is not necessarily good, trends are more informative than individual values.

Monthly feature request rate

Number of new feature requests made by users. A higher value may indicate popularity/importance
of the feature or missing functionality in the current software version.

Correlation of the number of
issues with project age

Gives a good insight into the life cycle of the project by mapping the trend of issues raised over the
lifetime of the project.

Commits, derived metrics

Characterizes some aspects of developer activity.

Number of issues

Project-related communications can be used to indicate community involvement and rates at which
issues are resolved. For example, fast-growing projects can have significantly more activity in issues
than more mature ones.

Issue categories

Identifies the types of issues that are reported in the repository. This information will be useful to
derive correlation with other metrics.

Number of followers and
watchers

Reports the code maturity and popularity. In addition, the number of followers can be correlated with
the time it takes to fix reported issues.

Mailing list metrics

Relates to average time in discussion, most popular topic of interest, product activity based on type
of emails, etc.

Number of contributors

Size of development community. When analyzed over time, we can estimate project turnover and
identify different types of contributors.

Code complexity

Compute changes to code complexity metrics, e.g., cumulative size or cyclomatic complexity, over
time.
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Example pattern: Domain Champion

Proportion of commits by the most active developer

“The Domain Champion is an expert in
a particular area of the codebase.”

+ typically submit their work in small,
frequent commits and will show a
sustained above average impact; highly
productive pattern in the short term.

Proportion of Commits

- there’s usually very little actionable .
feedback that others can provide in code Projects

reVI eWS = 2, 2021 [count: 698, mean: 8.79656, std: 17.0607, min: 0, max: 231]

github/workflows/linux_unit_tests.yaml 0 0 37 0 0 0 51 0 0 24

- while highly productive in the short term,

lib/spack/spack/build_systems/python.py =~ 71 0 0 0 0 0 0 0 0 0 200
the pattern is not sustainable and can wossansnasinsrs o [BY © | FeBruary: 2027
Iead to Stagnatlon . lib/spack/spack/spec.py 3 0 0 90 2 2 0 0 S 0 150
. share/spack/gitiab/cloud_e4s_pipelines/stacks/e4s/spack.yaml 0 m 0 0 0 0 0 0 0 0 g
H . 3 'w'
© ACtlonS . = var/spack/repos/builtin/packages/3dtk/package.py = 71 0 0 0 0 0 0 0 0 0 100§
. . var/spack/repos/builtin/packages/genesis/package.py 0 0 0 0 87 0 0 0 0 0
Assign tickets for other areas of the code. .
var/spack/repos/builtin/packages/gromacs/package.py 0 0 0 0 0 0 0 51 0 0 oo

M a ke a n eﬁo rt to i nVOIVe Oth e rS (e " g ") n eW var/spack/repos/builtin/packages/mxnet/package.py m 0 0 0 0 0 0 0 0 0
d eve I O pe rS ) i n Wo rk i n th at d O m a i n . var/spack/repos/builtin/packages/n2p2/package.py 0 0 0 0 0

Developers
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Example pattern: Unusually high churn

Unusually large amount of
changes to single files or

Total changes: Developers vs. files
components may lead to

Ehtire project [Count: 26532, mean: 12.7416, std: 44.8594, min: 0, max: 2114]

development ineffiCienCieS . lib/spack/spack/config/py 5 246 15 0 0 94 2000
. lib/spack/spack/datfbase py 137 0 339 24 0 152 i
+ could be a sign of normal
. lib/spack/spack/envfronment.py 169 300 138 0 3 186
productive development 1500
_ m ay i n d icate n eed fo r more lib/spack/spack/modules.py 202 0 472 0 0 0 3 -
d eve I O pe r reso u rces % lib/spack/spadk/package.py 396 234 | 703 152 2 17 45 ;2
- high conflict potential 2 o o o = o o [

lib/spack/spack/spec.py PANES 15 340 28 309 47 0 258 - 750

© ACtI O n S : share/spack/spack-completi§n.bash 47 123 0 15 24 0 0

- 500
¥¥ Consider refactoring the mepackiopsbilinpecemesiimipcianes il < | 0
high-churn project Components varfspackireposibuiltin/packages/trilinosipackagepy 29 16 22 0 0 18 0 0 538 0
¥¥ Consider involving more =
developers in high-churn areas Developers
that are dominated by a single
person
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Pattern: In the zone

When are top contributors = ryr m
most productive? o e L i -

+ Consistent high productivity
during certain times of day

- Burnout, work-life balance

© Actions:

¥¥ Acknowledge the consistently
high-performing developers.

- 30000
¥¥ Consider the timing of and | 25000
number of meetings during
developers’ most productive - 20000
times.
15000
10000
5000
-0

early_morning work_day after_work late_night
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Implementation

https://github.com/HPCL/ideas-uo

Python packages

Jupyter
database patterns visualizer |, | notebooks
|\ 751 ol |

Local project o S
cache U e

Example analysis workflow

Git commits.
Issues, emails

from patterns.visualizer import Visualizer

vis = Visualizer(project_name='spack')

vis.get_data()
INFO: Loaded local cached copy of spack data.
INFO: Done computing averages. 64909 commits (code only)

df = vis.plot_overall project_locc(time_range=None, log=True)

Spack: Code changes (log10 scale)

Some currently available projects (more .
are being added constantly): LAMMPS, "

Spack, PETSc, Nek5000, NWChem, {
E3SM, QPMCPACK, qdpxx, NWChem, S.E8 SEEWGEH
TAU,,,, Initial import can take up to 36 l

hours for some larger projects, but -

subsequent updates are fast and ?

automated.
. » »' » » » » !

- “ —X
O CALIFORNIA STATE UNIVERSITY i U II: h‘_%@ﬁ%ﬂlﬁ\‘%
FULLERTON p r‘od u CtiVity \\ ) PROJECT 10

UNIVERSITY OF

OREGON Argonne a Y

NATIONAL LABORATORY

g



Impact of different “change” estimates

Entire project [count: 26532, mean: 12.7416, std: 44.8594, min: 0, max: 2114]

lib/spack/spack/config.py |+ 970 1 60 0 5 246 15 0 0 A 2000

lib/spack/spack/database.py ~ 357 0 86 0 137 0 339 24 0 152 o

lib/spack/spack/environment.py BPZGE 12 101 0 169 300 138 0 3 186

Simple line counts in git commit diffs:

edited lines, e.g., 3 in this example

e Patterns such as ‘---+++’ are counted as

1500 e Unmatched ‘-’ and '+’ lines counted as
lib/spack/spack/modules.py 202 0 883 5 0 472 0 0 0 3 » I i n eS deleted a n d added’ reS pectively
E lib/spack/spack/package.py 396 290 0 234 703 152 2 17 45 % PY LOCC = ed i.ted + de leted + add ed
i_t lib/spack/spack/solver/asp.py ﬁ 3 710 0 0 0 0 20 0 0 I 1000§
lib/spack/spack/spec.py 15 857 0 340 28 309 47 0 258 - 750
share/spack/spack-completion.bash 47 125 1 123 0 15 24 0 0 500
var/spack/repos/builtin/packages/livm/package.py =~ 215 19 214 12 0 48 0 0 0 0
-250
var/spack/repos/builtin/packages/trilinos/package.py ~ 29 16 22 0 0 18 0 0 538 0
-0 Entire project [count: 26532, mean: 0.879504, std: 2.30469, min: 0, max: 169]
D eve I O pe rS lib/spack/spack/build_environmentpy 16 33 0 10 0 1 20 4 0 1 160
lib/spack/spack/concretize py 1 28 0 9 0 1 28 1 0 0 | i
lib/spack/spack/environment.py 4 33 0 8 0 0 4 1 0 7
- 120
lib/spack/spack/package.py 24 169 0 27 0 10 6 1 1 35 2
o . ” . . g lib/spack/spack/solver/asp.py 1 a7 0 46 0 0 0 0 0 0 0 %
More “intelligent” estimate of the magnitude of = |, 2
Ll_ lib/spack/spack/spec.py 5 132 0 35 1 2 44 0 0 3 %
changes: g
e Collect the old and new strings corresponding pamammad] | | B0 COEERARS B
to eaCh Com m it’s d iffs share/spack/spack-completion.bash 20 " 1 7 1 0 0 0 2 0 —40
[ ) Ap p I y teXt d i Sta n Ce m etri CS ( baS ed 0 n th e var/spack/repos/builtin/packages/dealii/package.py 3 2 0 6 0 0 0 67 0 0 "
textdistance Python page; ~30 methods) kropostuitinpackagestinosheciagesy 7 2 0 7 o o o M o 1
e E.g, change-size-cosis the cos distance ’
between the vector embeddings of old and new Developers
— _—
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Impact of different “change” estimates (cont.)

@ T|me_Ser’|eS g|t data |S messy Annual average code changes (change-size-cos)
‘ : R f— verage
© Moving averages help see =¥ == foneee e

2500
--=5-month SMA

—— 10-month SMA

trends for any time period

J

Monthly average lines of code changed (change-size-cos)

2000

1500

Changes (change-size-cos)

1000
08 ~ 500
% 06 ..\ ‘i/\ 0
) P 5
2 AT A A A S © A ® 9 N A
- T GO S S T S A L M
. 04 \ \73' Year
E .. Av;rage LocC _ “
© 02 " . Quarterly SMA S | : :
— = 6-month SMA = 3 3 . i Entire project [count: 97, mean: 241.381, std: 366.213, min: 0, max: 2939]
—— 12-month SMA R ’5 " 20000
00 = - -~ ~ —
- - S N N 15000
12500 ‘ change-size-cos
o 0
Q 10000 ® 50
. . [11 = (> 1000
¥¥ Combining different “change ~ . S s
H ” H 2000
size” metrics g 2500
« Example on right: simple 2500
LOCC totals and cos distance °
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Significant events

LocC

11, 2019 [count: 30, mean: 18.3667, std: 43.1768, min: 1, max: 189]

Locc

O

2500
Entire project [count: 97, mean: 241.381, std: 366.213 ax: 2939] 2000
20000
17500 PrOJeCt 1 8 1500 change-size-cos
o] 40
15000 - 80
(] o &-
change-size-cos
12500 9 . 160
10000 500 500
] 1000
7500 & 1500
& 2000 :
5000 2500 o o S a 5 9 o
,\Q,:\’\'Q \Q,\'\h \g,\’\’Q \g:\\’\ \9,\'\\ \g.\’\"" ,\Q:\’\"L \g,\’\’lg,\'r“
2500 © s D s s N
Date
0
S N T A B )
Date
2020 [count: 12, mean: 1141.67, std: 1082.16, min: 145, max: 3564]
Entire project [count: 174, mean: 278.04, std: 419.71, min: 0, max: 3564 120000 .
120000 ‘ 100000
Project 2
100000 80000 :
change-size-cos
change-size-cos 8 600
S0e0 0 S 60000 1200
600 1800
60000 & 1200 @ 2400
1. 1800 40000 . 3000
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No single view tells the whole story

(project names omitted on purpose)

2020

locc+ locc- change-size-cos
count 12.000000 12.000000 12.000000
mean 6368.750000  3888.750000 406.083333
std 4340.479281 5029.506665 243.846993
min 2521.000000 368.000000 126.000000
max 18835.000000 15370.000000 964.000000
locc+ . jocc- a2 change-size-cos
-
- T
o 3
[¢}) o
o — b=
O £o
| o
o S
[
2
S 2
-4
'L LA N o o S Y
oV o WQ o 0 o N o
DL N SN SN DALl N .p’l P P wP
Date
locc+ locc- change-size-cos
count 12.000000 12.000000 12.000000
mean 12990.500000  7341.583333 41.916667
std 30811.461148 25170.836651 30.167587
min 192.000000 4.000000 7.000000
max 103779.000000 87269.000000 115.000000
locc+ BN occ-  EEa change-size-cos
N 4
3]
° - -
g 2 il y 111 Il=l
(] 3 0o RN
" — cooflooofffooo RN
° e Dl. oeo codiboodboo o~
§) o000 oo0oo0 © 0 0 m
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2 — —
@ 2 —_— =
£ [
S =
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How do projects weather interesting times?
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Conclusions

¥¥ We have created a

flexible,

efficient,

and usable

software framework for
acquiring,
storing,

manipulating,
and visualizing
development-related data.

¥¥ We demonstrated a few of its capabilities here; an ever growing
number of patterns and other types of analysis are constantly being

developed
« Requests/challenges welcome!

Thank you!

Projects that may or may not have been represented in this talk: Spack, LAMMPS, PETSc, Nek5000
E3SM, QMCPACK, QDPXX, LATTE NAMD, fast-export, Enzo, TAU2, xpress-apex, LATTE, NWChem
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Where is development effort going?
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