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COMPOSING AND DECOMPOSING QUANTUM CHEMISTRY
SOFTWARE: ADVENTURES WITH THE Psi4 ECOSYSTEM

LORI A. BURNS
257" ACS NATIONAL MEETING AND EXPO, ORLANDO, FL
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OUR FIELD HAS BEEN STRUGGLE NO MORE!
STRUGGLING WITH THIS T'™M HERE TO SOLVE
PROBLEM FOR YEARS. IT \JITH ALGORITHIMS!
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OUR FIELD HAS BEEN
STRUGGLING UITHTHIS | | I'™M HERE TO SOLVE WOW, THIS PROBLEM
PROBLEM FOR YEARS. T JITH ALGORITHIMS! 15 REALLY HARD,

YOU DON7T SAY
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OUR FIELD HAS BEEN STRUGGLE NO MORE!
STRUGGLING WITH THIS T'™M HERE TO SOLVE
PROBLEM FOR YEARS. IT \JITH ALGORITHIMS!
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QUANTUM CHEMISTRY HAS PROBLEMS ENOUGH

LERE GEHERS SOLVE EHE WERKELOVN

P8 e AL

O,
-[5IX MONTHS LATER:

OUR FIELD HAS BEEN STRUGGLE NO MORE!

STRUGGLING UITHTHIS | [ T™M HERE TO SOLVE L Ew WOW, THIS PROBLEM
PROBLEM FOR YEARS, IT JITH ALGORITHINS! = 15 REHLLY HARD,
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GIT WORKFLOW

UNGUID

=BG GUIBDE

public

private



'UNGUIDED TO GUIDED ol e

double pull, double push
makes mirror

p4p-rw & p4-rw

2015

p4p-rw/psidpublic

public private



GIT WORKFLOW ..

p4p-rw p4-rw

UNGUIDER G GUIBE push push

double pull, double push
makes mirror

psi4/psid

review

2015

If you want to go fast t, go alone.
I you want to go in a lot of different
uncoordinated directions at once, go together

public private



GIT WORKFLOW

UNGUIDED 10 GUIDE

If you want to go fast t, go alone.
I you want to go in a lot of different
uncoordinated directions at once, go together

2015

2019

60+ write access

p4p-rw p4-rw

double pull, double push
makes mirror

— pAprw&plrw psi4/psi4
AUTHORITATIVE

review

fork fork

:
)

, hot private development.

gh/psi4public p4p-rw/psidpublic

6 write access

psid/psid , readily ;
AUTHORITATIVE transferable to other open-source |
fea projects. Prefer rebase over merge.

, so feedback can be given.

~ new contributors needn't
worry about harming the project.

private



CODE REVIEW

MAINTAINERS ARE KEYSTONE SPECIES

e (not including the proposer)
must approve before PR merge, and every
change occurs through PR.

8 initiated to ensure (by bot)
that devs at different institutions actively
approve direction of project.

~ appraisal since each
reviewer has strengths and specialities.

~ protects the interests of
developing downstream research projects

o keeps core
developers familiar with whole project.

NOT A QUORUM FOR CHANGING PSI

‘There's a perverse effect where, the more successful you

are, the more you get “punished” with GitHub notifications.’

anolanlawson,
“What it Feels Like to be an Open Source Maintainer’

suonedioiped-eoinos-usdo-ioj-suoneloadxe-buimes/esAyieus//:sdny



PLoP 1994 https://github.com/Robsteranium/bus-factor http://qgittrends.io/#/

devs contributed 166/335 PRs for v1.3.
nearly doubled since private = public

ol EIANGY OF EROJIEGIT

BUS FACTOR
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https://github.com/Robsteranium/bus-factor

BUS FACTOR

RESILIANGY OF EROJECT

NUMBER OF DEVELOPERS WHO,
IF SUDDENLY ABSENT, STALL A PROJECT

~ devs contributed 166/335 PRs for v1.3.

~ nearly doubled since private = public
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https://github.com/Robsteranium/bus-factor

BUS FACTOR

"RESILIANCY OF PROJECT Project  Bus Factor

NUMBER OF DEVELOPERS WHO,

IF SUDDENLY ABSENT, STALL A PROJECT TensorFlow
jQuery 2
o devs contributed 166/335 PRsforv1.3. [
a nearly doubled since private = public OpenSSL 1

3
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https://github.com/Robsteranium/bus-factor

COMMUNICATION

GITHUB AND SLACK

~ communication barriers.

~ invitation off GitHub

~ needing guidance

~ for historical context
~ consensus quickly w/ polls, emoji.
~ usually always a core dev awake.
~ chat has been continuous for

2.5 years through three programs.



COMMUNICATION B .

GITHUB AND SLACK

Your workspace is currently on

' . Slack's free plan. See upgrade options
Total Messages
° ° ° | IN¢ 16
" communication barriers. PO |
. : g 3 a Y .
" invitation off GitHub q!.' dev chat on slack e » —
I
~ needing guidance
= for histori Cal COnteXt User's latest 100 updates (within three months)
: = Issue Tlose =
~ consensus quickly w/ polls, emoji.
~ usually always a core dev awake.
s pr review comment
~ chat has been continuous for .
2.5 years through three programs. >50%

discussion

comment —/




‘y Psi4
Psi4

psi4.slack.com

|\ 11U D
— l Jonathon Misiewicz Mar 2nd at 12:43 PM
. Neither - trying to get IWL out of dcft.
Libtrans insists on the TPDM being in an
IWL buffer. So every non-SCF gradient code
LOWER needs to dump their libdpd densities into
T Libiwl buffers... so that libtrans can turn
OPEN q..' dev chat on slack them into libdpd buffers. This seems
overcomplicated. I'm currently trying to
NEW-DEV figure out what the filler functors are doing.
It was a major epiphany that it is not
ORIG-DEV creating the TPDM in the new buffers, but
adding TPDM elements together for ease of
GAUGE contraction with the derivative integrals.
EU/US T
~andysim 15 hours ago ©
CORE-DEV

~ libtrans was written to glue together the
psi3 modules, particularly the Cl and CC
codes, as we transitioned to a single-
executable model, which became psi4, they
both provided IWL output for the TPMD, so
that's what | went with as input. if you have
the DPD form already in DCFT, you can add
some logic to DCFT to override the IWL
step

"8 hokru 10:41 AM
Where did the dft-bench-interaction test go?

. loriab 10:42 Am
https:/github.com/psi4/psi4/blob/master/tests/pytest/test_dft_benchmarks.py
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LOWER

OPEN dev chat on slack
NEW-DEV

ORIG-DEV

loriab 1156 AMm

I'm pleased to report that our new run-time deprecation warnings are going to be annoying enough to get

GAUGE

everyone to update their syntax really quick.
™4

EU/US

CORE-DEV Y

S8 hokru 1041 AM
Where did the dft-bench-interaction test go?

loriab 10:42 Am
https:/github.com/psi4/psi4/blob/master/tests/pytest/test_dft_benchmarks.py

Psi4

psi4.slack.com

~andysim 15 hours ago
~ libtrans was written to glue together the

Jonathon Misiewicz Mar 2nd at 12:43 PM
Neither - trying to get IWL out of dcft.
Libtrans insists on the TPDM being in an
IWL buffer. So every non-SCF gradient code
needs to dump their 1ibdpd densities into
Libiwl buffers... so that libtrans can turn
them into libdpd buffers. This seems
overcomplicated. I'm currently trying to
figure out what the filler functors are doing.
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psi3 modules, particularly the Cl and CC
codes, as we transitioned to a single-
executable model, which became psi4, they
both provided IWL output for the TPMD, so

that's what | went with as input. if you have

the DPD form already in DCFT, you can add
some logic to DCFT to override the IWL
step
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CONTINUOUS INTEGRATION

TRAVIS-Cl| & AZURE

MAC: 11, WINDOWS: 1, LINUX: 1
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CONTINUO

TRAVIS-Cl & AZUR

1

AZURE: WINI, LINUX, MAC]

J Azure DevOps psid psid Pipelines / Build psid.psid $20190322.2 O Searct
psid

s L NpERae T MR T e

¢ Pipelines Logs Summary Tests

i Builds

e Build Job Started: 3/22/2019, 5:06:06 PM
% Releases Agent: Hosted Agent -+ 1h 7m 36s

@ Prepare job - succeeded <1s
@ Initialize job - succeeded 2s
@ Checkout - succeeded 20s
@ Check Python version: 3.6 - succeeded 2s
@ Check cmake configuration - succeeded 1s
@ Check ctest configuration - succeeded 1s
@ Check pytest configuration - succeeded 1s
@ Check conda configuration - succeeded 1s
@ Install Chocolatey - succeeded 13s
@ Install Miniconda - succeeded 1im2s
@ Configure Miniconda - succeeded 3s
© Install conda packages - succeeded 2m 29s
@ Install LLVM - succeeded 50s
@ Install Intel OpenMP import library - succeeded 1s
@ Configure Psi4 - succeeded 38s
© Build Psi4 - succeeded 26m 13s
@ Install Psi4 - succeeded 20s
@ Test Psi4 (OpenMP) - succeeded Ss
© Test Psi4 (ctest quick) - succeeded 22m 19s
© Test Psi4 (pytest quick) - succeeded 12m 46s
Build Psi4 package 0
Publish Psi4 package - skipped ©
© Post-job: Checkout - succeeded <is
@ Finalize Job - succeeded <1s




A build 'passing | 3m build ' passing

loriab added some commits 6 hours ago psid / psi4 / Pipelines / Builds / psid.psid / #20190322.2 O Search

. ci: exonerating efp 601d990 © #20190322.2: Merge pull request #1578 fro... L Alllogs
Triggered fri at 5:04 pm for dgasmith () psi4/psi4 3* maste

gfortran? i c6b@11a

Logs Summary Tests

gfortran, take 2 ' 8e71b37 Build Job Started: 3/22/2019, 5:06:06 PM
Agent: Hosted Agent - 1h 7m 36s

kill fortran i 8b6204c

Prepare job - succeeded <1s
kill fortran dead ' 7407ed3 Initialize job - succeeded
Checkout - succeeded
. Update .travis.yml 2e3918b Check Python version: 3.6 - succeeded
Check cmake configuration - succeeded
Check ctest configuration - succeeded
Check pytest configuration - succeeded
Check conda configuration - succeeded
Install Chocolatey - succeeded

Install Miniconda * succeeded

L] MolSSI / cookiecutter-cms ““Kllm  @unwatch~ 14 Kunstr 73 YFork 17

<»Code (! Issues 7 1 Pull requests 0 1| Projects 0 “IWiki |1 Insights

Configure Miniconda - succeeded

Install conda packages - succeeded

Install LLVM - succeeded

Install Intel OpenMP import library - succeeded
Configure Psi4 - succeeded

Python-centric Cookiecutter for Molecular Computational Chemistry Packages

D 130 commits ¥ 2 branches © 0 releases 11 7 contributors

Build Psi4 - succeeded

Install Psi4 - succeeded

Test Psi4 (OpenMP) - succeeded
Test Psi4 (ctest quick) - succeeded
Test Psi4 (pytest quick) - succeeded
Build Psi4 package - skipped ©
Publish Psi4 package - skipped ©
Post-job: Checkout - succeeded
Finalize Job - succeeded

/> Compiler: clang C++ (7] COXX_COMPILER='clang++-3.6" PYTHON_VER="3.6' C_COMPILER="'clang-3.6' Fortran_CC

o
o
o
o
°
o
o
o
o
o
o
o
o
o
o
°
o
o
o
(©)
@
o
o

/> Compiler: gec C++ (7) CXX_COMPILER="g++' PYTHON_VER="3.7" C_COMPILER="gcc' Fortran_COMPILER="gfor




DYNAMIC ANALYSIS

OBPDEEOY

~ and runs test suite with different
tools for different languages. Upload line
tabulations to codecov site for analysis.

~ on lines never hit by test suite.
~ is common area to fall short.
~ integration as PR check available.

~ bugs by mending skipped lines.



DYNAMIC ANALYSIS

GBPEECUY

Q if (S.Ms0 ) {

C) 1f ((1nt)Parameters ->S % 2)
S.symmetrize(~1.0, sairr);

else
O S.symmetrize(l.0, sairr);
}
~ and runs test suite with different

tools for different languages. Upload line
tabulations to codecov site for analysis.

~ on lines never hit by test suite.
~ is common area to fall short.
~ integration as PR check available.

~ bugs by mending skipped lines.
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| 0 if (S.Ms0 ) {

596 0 if ((int)Parameters ->S % 2)

| S.symmetrize(~1.0, sairr);
QCElemental, 99.6%

| 598 else

S.symmetrize(l.0, sairr);

and runs test suite with different
tools for different languages. Upload line
tabulations to codecov site for analysis.

on lines never hit by test suite.
is common area to fall short.
integration as PR check available.

bugs by mending skipped lines.
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CODECOV

if (S.Ms0_) {
if ((int)Parameters_->S % 2)
S.symmetrize(-1.0, sairr); | Psi4, 71.0% ;
else | |

S.symmetrize(1l.0, sairr); |

and runs test suite with different ==
ools for different languages. Upload line — |
abulations to codecov site for analysis. ‘

on lines never hit by test suite. .
is common area to fall short. 7/

integration as PR check available.

bugs by mending skipped lines.
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STATIC ANALYSIS @ ,‘j

LOOKS GOOD TO ME

@2 code quality: python [A

~ — but does not run — repository for
several languages. Runs known fault patterns
on code or define your own.

~ ranging from trivial to serious. Also
warnings and recommendations.

~ is area at which Igtm excels
because code stagnates when never run.

~ integration as PR check available.

~ commiting wrong code twice.



O ME = 00,

» code quality: python A INSTALL.SH
#!/bin/bosh
pipinstall “$1" &
easy_install “$1° &
brew install “$1° &

 Branch: master v psi4 / .Igtm.yml

&8 toriab qovar handling on win, take 2 (#1445) BUILDS

1 contributor

17 lines (15 sloc) 258 Bytes

T — ook npm install “$1" &
yum install 1" & dnf install °$1" &

/YS9 L/Wod pIx//:sdny

extraction:

pthon: docker run “$1" &
T ERROR TESTING PKg install ‘81" &
apt-get install “$1° &
packages: GITHUB sudo apt-get install 41" &
iy steomcmd +app_update ‘81" validate &
PaI:;clanifiers: AVERTED eit clone httPS//Qithtb.COﬂ/ 'm‘/ .$1. &
cd “$1";. /configure; make; moke inStall &
corl “$1" | bash &

version: 3

- psi4/versioner.py
- samples/*
- conda/*




'STATIC ANALYSIS

LOOKS GOOD TO ME

Qv)v)

for vi in V:

for j in range(len(U)):
dij = engine.vector_dot(vi, U[]])
Vi = engine.vector_axpy(-1.0 * dij, U[]], vi)

The value assigned to local variable "Vi' is never used.

@2 code quality: python [A

2 norm_vi = np.sqrt(engine.vector_dot(vi, vi))
e — but does not run — repository for if norn_vi >= thresh;

U.append(engine.vector_scale(1.0 / norm_vi, vi))
several languages. Runs known fault patterns return U |
on code or define your own.

~ ranging from triViaI tO SeriOUS AISO Multiplication result converted to larger type
: 2 reliability ‘ security ’ correctness {types ’ external/cwe/cwe-190

warnings and recommendations.

analyze.cc

® is area at which Igtm excels T
because COde Stagnates When never run. global_dpd_->buf4_mat ,?erep init(&T12, 0);

global_dpd_->buf4_mat_irrep_rd(&T2, ©);

auto T2trans = block_matrix(nocc * nocc, nso * nso);

~ integration as PR check available. N ltinlcation sty overfow int befor s —
= commiting wrong code twice.

auto tmp = block_matrix(nvir, nso);
auto totl = 0,

Displaying 1937 alerts, ordered by significance.

211 Errors 1322 Warnings 404 Recommendations



STATIC ANALYSIS @, ,

LOOKS GOOD TO ME

@ Igtm Search LGTM

@2 code quality: python fA pSi4/ psi4
C/C++ Python . JavaScript

~ — but does not run — repository for
several languages. Runs known fault patterns
on code or define your own.

~ ranging from trivial to serious. Also
warnings and recommendations.

~ is area at which Igtm excels
because code stagnates when never run.

~ integration as PR check available.

el commiting wrong code twice.

& core_dev
loriab 211
pamjames take a look at
https:/lgtm.com/projects/g/psi4/psi4/snapshot/879dbbf8215b932e98217a28e0f0df29274a07b0/hles/psi4 /driver/p4util
solvers.py?sort=name&dir=ASC&mode=heatmap#xcb3e86542e4e0292:1

[Tl amjames 4 minu
Sorry for the delay, | had to duck out early yesterday. That line is an oversight/wrong, it causes no bugs because the only
implementations of engine so far do an update to the 3rd arg and return a reference to it | *x; return b. If someone
were to write an engine that returns a new object holding ! » *x  that _Of function wouldn't work.

’ loriab _
good catch for Igtm, then. when you get a chance, please patch it up.

o

_— T ———— T
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Semantic Versioning 2.0.0

Summary

Given a version number MAJOR.MINOR.PATCH, increment the:

1. MAJOR version when you make incompatible API changes,
2. MINOR version when you add functionality in a backwards-compatible manner, and

3. PATCH version when you make backwards-compatible bug fixes.
Additional labels for pre-release and build metadata are available as extensions to the MAJOR.MINOR.PATCH

format.

GUIDE
COMPUTERS

LIBRARIES

NWUSS//.
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Semantic Versioning 2.0.0

Summary

Given a version number MAJOR.MINOR.PATCH, increment the:

1. MAJOR version when you make incompatible API changes,

2. MINOR version when you add functionality in a backwards-compatible manner, and

3. PATCH version when you make backwards-compatible bug fixes.

Additional labels for pre-release and build metadata are available as extensions to the MAJOR.MINOR.PATCH
format.

GUIDE
COMPUTERS
LIBRARIES

sany

/D10 IBAWSBS//.

‘any

1o, O 4 OCLG 4R

B Orie Ty

Some version number systems aspire to merely label changes in an interface, but there is
much in the human experience that lies outside of this. Sometimes a version is just a number,
but sometimes what we really want is a poem.

b.io:buluoisian|elual1]Uss

NO GUIDE
PEOPLE

APPLICATIONS

PSI GUILTY
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Semantic Versioning 2.0.0

= BE ADDRESSABLE
0 =
Summary N %
Given a version number MAJOR.MINOR.PATCH, increment the: 3 D
1. MAJOR version when you make incompatible API changes, ® ~
2. MINOR version when you add functionality in a backwards-compatible manner, and N S
3. PATCH version when you make backwards-compatible bug fixes. — D
Additional labels for pre-release and build metadata are available as extensions to the MAJOR.MINOR.PATCH QO ;:
format. ™ ;:
Vosim, O 4~ @f% %
GUIDE g
COMPUTERS 5 Omic oy 5 BE SORTABLE
Some version number systems aspire to merely label changes in an interface, but there is 2
LI B RARI ES much in the human experience that lies outside of this. Sometimes a version is just a number,

but sometimes what we really want is a poem.

NO GUIDE AUTOMATIC
PEOPLE
APPLICATIONS

DOWNSTREAM

PSI GUILTY



TESTING

e it is to compose tests. But worth it
to consolidate gains and force others to fix the
problems they introduce.

~ can nag PRs about broken tests for you!

~ testing tools & commands, always.
Psiis ctest-pytest

~ of optional deps so can fully
test or skip uninstalled deps in current env.

8 makes it easy to run varia-
tions on a job & consolidate testing assertions.

~ and warning pathways and deprecated
features tested as easily as numerical results.

~ for building test suite

» Encourage adding the validation and stress
tests from impl. time to formal suite.

» Encourage adding the unsteady early syntax
from impl. time for cov. & diverse author styles.

» Don't strive for regimented tests.



TESTING
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it is to compose tests. But worth it
to consolidate gains and force others to fix the
problems they introduce.

can nag PRs about broken tests for you!

testing tools & commands, always.
Psiis ctest-pytest

of optional deps so can fully
test or skip uninstalled deps in current env.

makes it easy to run varia-
tions on a job & consolidate testing assertions.

and warning pathways and deprecated
features tested as easily as numerical results.

for building test suite

» Encourage adding the validation and stress
tests from impl. time to formal suite.

» Encourage adding the unsteady early syntax
from impl. time for cov. & diverse author styles.

» Don't strive for regimented tests.

@ SciPy 2016

This is not a apology,
this is a warning:

If it’'s not tested, it’'s broken

— Bruce Eckel
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GREAT BOTHER

>>> psi4 —-test
BOT S ol neia Lin/neiasests/test_profiling. py::test_threaded_blas XPASS
Jusr/local/peia/in/peia/tests/test_psid.pysitest_psid4_basic PASSED
OFF-THE-SHELF Jusr/local/peid/Lin/peiastests/test_psid.py::stest_psid4_cas PASSED
Jusr/local/peid/ ib/peiastests/test_psid.py:test_psi4_cc PASSED
Jusr/local/peia/in/peiastests/test_psid.pysstest_psid4_dfmp2 PASSED
RUNTIME DETECTION Jusr/localneia  Lib e iastests/test_psid.py:itest_psid _sapt PASSED
Jusr/local/peid/ib/peiastests/test_psid.py:sstest p514 scfproperty PASSED
Jusr/local/peia/in/peia/tests/test_addons.py: i test_json PASSED
PARAMETERIZATION Jusr/local/peia/ b peiastests/test_addons.py: s test_gdma PASSED
Jusr/local/peia/Lin/peiastests /test_addons.pysttest_mrcc SKIPPED
Jusr/local/psia/in/psia/tests/test_addons.py: s test_chemps2 PASSED
ERROR Jusr/local/peia/Lin/psiastests/test_addons.py: i test_dftd3 PASSED
Jusr/local/psia/in/psia/tests/test_addons.py: s test_libefp PASSED
Jusr/local/psia/ b psastests/test_addons. py: i test_pcmsolver PASSED
STRATEGIES Jusr/local/peia/Lin/paiastests /test_addons.py:itest_erd PASSED
Jusr/local/peia/Lin/peiastesto/test_addons.py: ttest_cfour SKIPPED
Jusr/local/peia/Lib/peiastests/test_addons.pys ttest_v2rdm_casscft PASSED
Jusr/local/peid/Lin/paiastests/test_addons.py:itest_grimme_3c PASSED

15 passed, 2 skipped, 1 passed in 99.75 seconds




TESTING

A

it is to compose tests. But worth it
to consolidate gains and force others to fix the
problems they introduce.

can nag PRs about broken tests for you!

testing tools & commands, always.
Psiis ctest—-pytest

of optional deps so can fully
test or skip uninstalled deps in current env.

makes it easy to run varia-
tions on a job & consolidate testing assertions.

and warning pathways and deprecated
features tested as easily as numerical results.

for building test suite

» Encourage adding the validation and stress
tests from impl. time to formal suite.

» Encourage adding the unsteady early syntax
from impl. time for cov. & diverse author styles.

» Don't strive for regimented tests.

PRESENCE- & VERSION-DEPENDENT TESTING

using psi4 python_integral deriv = pytest.mark.skipif(is_psi4 new_enough(“1.2al.dev1Bee") is False,

="Psi4 does not include derivatives of integrals exported to python. Update to development head")

B

=EZEzZszEssszzszszzzzszzzss short test summary info ====sszs=ssIsESsISESSISESZas
SKIP [1] tests/test_RI_SCF.py:20: Psid4 does not include derivatives of integrals exported to python. Update to development head
SKIP [1] tests/test_RI_SCF.py:25: Psi4 does not include derivatives of integrals exported to python. Update to development head

EEEEEEEEEEEEEnzzszxzzssxzxz 5lowest S5 test durations EEEEEEEEEEEEEEEEEEEEEEEEERE
68.61s call tests/test_TU_12.py::test_12b
39.62s call tests/test_TU_O1.py::test_1f
33.21s call tests/test_TU_O1.py::test_1b
36.54s call tests/test_TU_O7.py::test_7b
21.64s call tests/test_TU_07.py::test_7a

2 tests deselected EEEEEEEEEEEEREEEEREEEEEEEEERE
szzzzzzzzzzzz §6 passed, 2 skipped, 2 deselected in 561.80 seconds ==z=zzzz=zzzz
tests/test_RI_SCF.py: :test_RHF [ 33%]
tests/test_RI_SCF.py::test_RHF_Gradient SKIPPED [ 35%)
tests/test_RI_SCF.py::test_RHF_Hessian SKIPPED [ 36%]
tests/test_RI_SCF.py::test_RHF_EFP [ 38%)




TESTING

it is to compose tests. But worth it
to consolidate gains and force others to fix the
problems they introduce.
can nag PRs about broken tests for you!
testing tools & commands, always. |
Psiis ctest—-pytest
of optional deps so can fully
test or skip uninstalled deps in current env.
makes it easy to run varia-
tions on a job & consolidate testing assertions.
and warning pathways and deprecated
features tested as easily as numerical results.
for building test suite

» Encourage adding the validation and stress
tests from impl. time to formal suite.

» Encourage adding the unsteady early syntax
from impl. time for cov. & diverse author styles.

» Don't strive for regimented tests.

@pytest.mark.parametrize("inp", [

1)
def

S ——————

CHECK EVERY MP2 SETS RIGHT ANSWERS IN QCVARS

pytest.param({'driver': 'energy’, ‘subject': 'hf’, ‘options': {'reference':
pytest.param({'driver': 'energy', ‘'subject': 'hf’, ‘options': {'reference':
pytest.param({'driver': 'energy', ‘'subject': 'hf’, ‘options': {'reference’:
pytest.param({‘'driver': ‘energy', ‘subject': 'hf’, ‘options': {'reference’:
pytest.param({'driver': 'energy', ‘subject': 'hf’, ‘options‘: {'reference’:
pytest.param({'driver': 'energy’, ‘subject': 'hf’, ‘options’: {'reference':
pytest.param({'driver': ‘'energy’, ‘subject': 'bh_h2p', 'options': {'reference':
pytest.param({'driver': ‘'energy’, ‘subject': 'bh_h2p', 'options': {'reference':
pytest.param({'driver': 'energy’', ‘subject': 'bh_h2p', ‘options': {'reference’:
pytest.param({'driver': 'energy’, ‘subject': 'bh_h2p', ‘options‘': {'reference':
pytest.param({'driver': 'energy', ‘subject': 'bh_h2p', 'options‘': {'reference’:
pytest.param({'driver': 'energy’', ‘subject': 'bh_h2p', 'options': {'reference’:
pytest.param({'driver': 'energy', ‘subject': 'bh_h2p', 'options': {'reference’:
pytest.param({'driver': 'energy’, *subject': 'bh_h2p', 'options': {'reference':

# yapf: disable
test_mp2 module(inp, clsd_open_pmols, request):

psid.set_options({‘'basis': 'cc-pwvdz’,
‘guess': 'sad’,
‘e_convergence': 8,
‘d_convergence': 7))

psid.set_options(inp(‘options'])

ene, wfn = psid.energy(‘'mp2’', molecule=subject, return_wfn=1rue)

for obj in [psid.core, wfn]:

for pv in ['HF TOTAL ENERGY', 'SCF TOTAL ENERGY', 'CURRENT REFERENCE ENERGY'):

assert compare_values(ref_ref, obj.variable(pv), 6, tnm + ' ' + pv)

for pv in ['MP2 CORRELATION ENERGY', 'CURRENT CORRELATION ENERGY'):

assert compare_values(ref_corl, obj.variable(pv), 6, tnm + " ' + pv)
for pv in ['MP2 TOTAL ENERGY', "CURRENT ENERGY'):
assert compare_values(ref_tot, obj.variable(pv), 6, tnm + " ' » pv)

assert compare_values(ref_tot, wfn.energy(), 6, tnm + ' wfn')
assert compare_values(ref_tot, ene, 6, tnm + ' return')

‘rhf'
‘rhf!
‘rhf!
‘rhf’
‘rhf’
‘rhf’
‘uhf'
‘uhf'
‘uht'
‘uhf'
*rohf'
*rohf"'
*rohf'
‘rohf'

R

‘mp2_type':
'mp2_type':
‘mp2_type':
‘mp2_type':
‘mp2_type':
‘mp2_type':
‘mp2_type':
‘mp2_type':
‘mp2_type':
‘mp2_type':
‘mp2_type':
‘mp2_type':
‘mp2_type':
‘mp2_type':

‘conv', 'qc_module':
‘conv', 'qc_module':
‘conv', ‘qc_module’:
‘df', ‘qc_module':
‘df’, ‘qc_module':
ot o0 [t ‘qc_module':
‘conv', 'qc_module':
‘df’, ‘qc_module':
‘af’, ‘g _module’:
‘cd', ‘qc_module’:
‘conv', ‘qc_module':
‘df', ‘qc_module':
‘df’, ‘qc_module':
oty ‘qc_module':

‘occ’,
‘frnocc’,
‘detci’,
‘occ’,
‘dfmp2’,
‘occ’,
‘occ’,
‘occ’,
‘dfmp2’,
‘occ’,
‘detci’,
‘occ’,
'dfmp2’,

‘occ’,

'freeze_core':
'freeze_core':
'freeze_core':
'freeze_core':
'freeze_core':
'freeze_core':
'freeze_core':
'freeze
‘freeze_core':
'freeze_core':
'freeze_core':
'freeze_core':
'freeze_core':
'freeze_core':

core':

'true’,
'true’,
‘true’,
‘true’,
‘true’,
‘true’,
'true’,
'true’,
'true’,
‘true’,
‘true’,
‘true’,
‘true’,
'true’,

‘scf_type':
'scf_type':
‘scf_type':
‘scf_type':
‘scf_type':
‘scf_type':
‘scf_type':
'scf_type':
‘scf_type':
‘scf_type':
‘scf_type':
‘scf_type':
‘scf_type':
'scf_type':

'df'}},
‘'df'}),
‘df'}},
‘df'}},
‘df'}},
‘df'}},
‘'df'}},
'df'}),
'df'}),
‘df'}},
‘df'}},
‘df'}},
‘df'}},
‘df'}),

id="'mp2
id="'mp2
id="'mp2
id="'mp2
id="mp2
id="mp2
id="mp2
id="mp2
id="'mp2
id="'mp2
id="mp2
id="mp2
id="mp2
id="mp2

rhf conv: = occ'),

rhf conv: fnocc'),
rhf conv: detci'),
rhf df: occ'),
rhf df: = dfmp2’),
rhf cd: = occ'),
uhf conv: = occ'),
uhf df: occ'),
uhf df: = dfmp2'),
uhf cd: = occ'),
rohf conv: detci'),
rohf df: occ'),
rohf df: = dfmp2'),
rohf cd: = occ'),

SRR RN S S T2 S



TESTING

~ it is to compose tests. But worth it
to consolidate gains and force others to fix the

problems they introduce.
CHECK ERROR PATHWAYS FUNCTIONING

~ can nag PRs about broken tests for you!

~ testing tools & commands, always. def test_jumbledzmat_error():
Psiis ctest-pytest subject = """He

" of optional deps so can fully He 1 2. 2 100. 3 35.
test or skip uninstalled deps in current env. He 1 2.

8 makes it easy to run varia- e

tions on a job & consolidate testing assertions.
with pytest.raises(qcelemental.ValidationError) as e:

~ and warning pathways and deprecated . :
features tested as easily as numerical results. qcelemental.molparse. from_string(subject)
~ for building test suite

: = assert 'aim for lower triangular' in str(e)
» Encourage adding the validation and stress

tests from impl. time to formal suite.

» Encourage adding the unsteady early syntax
from impl. time for cov. & diverse author styles.

» Don't strive for regimented tests.
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l. Free others’ code from

Psi4 repository.
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CONDA FOR USERS
& DEVELOPERS

UPSTREAM

DOWNSTREAM



CONDA FOR USERS
& DEVELOPERS

UPSTREAM CMake Helper

bin/psid4-path-advisor

Build Tools

cmake, compilers, pybind11,
MKL-devel

Req’d Py-link non-QC
Python, NumPy, networkx
deepdiff, pint, pytest

Optional Py-link QC
libefp<PylibEFP, DFTD3, gCP

Optional C-link QC

ambit, CheMPS2, dkh, gdma,
PCMSolver, simint

Required C-link non-QC
MKL, OpenMP, HDF5

Required Py-link QC
QCElemental

Optional Py-link Psi4
OpenFermion<OF-Psi4,

Required C-link QC resp, snsmp2

gau2grid, Libint, Libxc

Optional C-link Psi4

v2rdm_casscf

DOWNSTREAM

Package Manager
conda



Get Started with Psi4

Select Preferences

~ LINUX ¢ MACOS 2 WINDOWS WSL .
Windows Subsystem

CONDA FOR USERS
& DEVELOPERS

for Linux

. INSTALLER & CONDA </» SOURCE

&' PREV RELEASE, v1.21 " STABLE RELEASE, v1.3 /" NIGHTLY BUILD

Run this command

UPSTREAM

CMake Helper
bin/psid4-path-advisor

# download via button above =-OR- following line

> curl "http://vergil.chemistry.gatech.edu/psicode-download/Psidconda-1.3-py37-Linux-x86 64.sh" -o
> bash Psi4conda-1.3-py37-Linux-x86_64.sh -b -p $HOME/psidconda

w > echo $'. SHOME/psidconda/etc/profile.d/conda.sh\nconda activate' >> ~/.bashrc

@ >.. echo "source $HOME/psidconda/etc/profile.d/conda.csh\nconda activate" >> ~/.tcshrc

Build Tools

cmake, compilers, pybind11,
MKL-devel

Req’d Py-link non-QC
Python, NumPy, networkx
deepdiff, pint, pytest

Optional Py-link QC

libefp<PylibEFP, DFTD3, gCP
# log out, log back in so conda and psi4 in path

. psi4 --test

Optional C-link QC

ambit, CheMPS2, dkh, gdma,
PCMSolver, simint

Required C-link non-QC
MKL, OpenMP, HDF5

Required Py-link QC
QCElemental

Optional Py-link Psi4
OpenFermion<OF-Psi4,
resp, snsmp2

Required C-link QC
gau2grid, Libint, Libxc

DOWNSTREAM

Optional C-link Psi4

Package Manager
v2rdm_casscf

conda

PSIACONDA

PY-WARY USERS: psjzconpa

CONDA INSTALLER
PSi4 - dependencies - add-ons



Get Started with PS4

Select Preferences

~ LINUX ¢ MACOS = WINDOWS WSL

CONDA FOR USERS
& DEVELOPERS

Windows Subsystem
for Linux

2. INSTALLER © CONDA </» SOURCE

%’ PREV RELEASE, v1.21 "' STABLE RELEASE, v1.3 /" NIGHTLY BUILD

Run this command

UPSTREAM

CMake Helper

bin/psid4-path-advisor

> conda install psi4 psid-rt python=3.7 -c psi4

Build Tools

cmake, compilers, pybind11,
MKL-devel

Req’d Py-link non-QC
Python, NumPy, networkx
deepdiff, pint, pytest

Optional Py-link QC
libefp<PylibEFP, DFTD3, gCP

Optional C-link QC

ambit, CheMPS2, dkh, gdma,
PCMSolver, simint

’///
S e g ] I

PS14

Required C-link non-QC
MKL, OpenMP, HDF5

PSI14-RT

Required Py-link QC
QCElemental

Optional Py-link Psi4
OpenFermion<OF-Psi4,
resp, snsmp2

PY-FRIENDLY USERS:

CONDA PACKAGE
DOWNSTREAM PS4 - dependencies - add-ons

Required C-link QC
QZgrid, Libint, Libxc
/

—

Optional C-link Psi4

v2rdm_casscf

Package Manager

conda

PY-WARY USERS: PSI4CONDA

CONDA INSTALLER
PSi4 - dependencies - add-ons



CONDA FOR USERS
& DEVELOPERS

UPSTREAM CMake Helper

bin/psid4-path-advisor

PSI4-DEV

Build Tools

cmake, compilers, pybind11,
MKL-devel

Req’d Py-link non-QC
Python, NumPy, networkx
deepdiff, pint, pytest

Optional Py-link QC
libefp<PylibEFP, DFTD3, gCP

Optional C-link QC

ambit, CheMPS2, dkh, gdma,
PCMSolver, simint

Required C-link non-QC
MKL, OpenMP, HDF5

Required Py-link QC
QCElemental

Required C-link QC
gau2grid, Libint, Libxc

Optional C-link Psi4

Package Manager
v2rdm_casscf

conda

Optional Py-link Psi4
OpenFermion<OF-Psi4,
resp, snsmp2

DOWNSTREAM

Get Started with Psi4

Select Preferences

. LINUX ¢ MACOS i WINDOWS WSL
Windows Subsystem

for Linux

L INSTALLER @ CONDA “* SOURCE

%) PREV RELEASE, v1.2.1 %) STABLE RELEASE, v1.3 - NIGHTLY BUILD

Run this command

>_ git clone https://github.com/psid/psid.git && cd psi4

> conda create -n pddev psid-dev python=3.7 -c psid/label/dev
> conda activate pddev

> ‘psi4-path-advisor --gcc’

> cd objdir && make -j getconf NPROCESSORS_ONLN'

CORE DEVELOPERS:
CONDA-ENABLED SUPERBUILD

deps - dev tools - add-ons - cmake hints

PY-FRIENDLY USERS:

CONDA PACKAGE
PS4 - dependencies - add-ons

PY-WARY USERS:

CONDA INSTALLER
PSi4 - dependencies - add-ons

PSIACONDA



CONDA FOR USERS
& DEVELOPERS

UPSTREAM

CMake Helper
bin/psid4-path-advisor

PSI4-DEV

Build Tools

cmake, compilers, pybind11,
MKL-devel

Req’d Py-link non-QC
Python, NumPy, networkx
deepdiff, pint, pytest

Optional Py-link QC
libefp<PylibEFP, DFTD3, gCP

Optional C-link QC

ambit, CheMPS2, dkh, gdma,
PCMSolver, simint

Required C-link non-QC
MKL, OpenMP, HDF5

Required Py-link QC
QCElemental

PS14

Optional Py-link Psi4
OpenFermion<OF-Psi4,
resp, snsmp2

Required C-link QC
gau2grid, Libint, Libxc

Optional C-link Psi4

Package Manager
v2rdm_casscf

conda

DOWNSTREAM

PERIPHERAL DEVEL'S:
CONDA-FACILITATED PLUGINS

PSI4 - dev tools - cmake hints

CORE DEVELOPERS:
CONDA-ENABLED SUPERBUILD

deps - dev tools - add-ons - cmake hints

PY-FRIENDLY USERS:

CONDA PACKAGE
PS4 - dependencies - add-ons

PY-WARY USERS:

CONDA INSTALLER
PSi4 - dependencies - add-ons

PSIACONDA



PRODUCTION-QUALITY BINARIES — STANDARDS

DEVS CAN HAVE SHINY THINGS

STANDARDS
PRODUCTION DISTRIBUTIONS ~ advance standards liberally.
~ dynamically link runtime- o balance with user ease
multiarch MKL direct from Intel. L Vg : sl
> o balance with distribution ease
S libs optimized for both & » balance with not imposing version
modern & legacy arch via icpc flags. 5 freeze on other projects
~ easy to distribute with ‘: = 32 Bl Sad0
gcc/.3, so devs can use c++14. + binary . .
~ conda compilers have ?) tuned 2 e
sysroots with old glibc so useable with £ 1.1 binary °
slow-moving Linux OS. Binary- I; - GCC 7.3 for C, C++, Fortran. Psi uses
compatible w/ defaults & conda-forge g ICPC 2018 atop GCC for multiarch opt.
channels. 0 - Clang 4.0.1 for C, C++; GCC Fortran.

~ MSVC for C, C++:; IFORT for Fortran.
Calc Type



DECLARATIVE INTERFACE

ALLOWS TRANSPARENT REFACTORING BETWE

~ ,gradient(), optimize(), hessian(),
frequency () are the five “user-facing” functions through

which 99+% of QC is run in Psi, so easy to guess command.

Minimal entry points

~ for basis sets, convergence,
implementation, algorithm are added at driver layer.

~ interface layer below the user layer makes it simple
to shift methods btwn languages without disturbing user.

~ when a reference implementation is
optimized in compiled language.

2 when a legacy code is refactored so that
logic in Python and intensive parts in compiled.

~ parsing
o C++ with Boost regex on str (v1.0)
o C++ with C++11 regex on str (v1.1)
o Py dict initializing class (v1.2)
o Py dict from external module initializing class (v1.3)
o in-house fctl + lib3index DF + Wfn::KS (v1.1)
o Libxc fctl + lib3index DF + Wfn::KS
o Libxc fctl + lib3index DF + Wfn::SCF
o Libxc fctl + DF_Helper DF + Wfn::SCF (v1.2)

=N MO

p514 energy( 'mp2')

DU E

ES, LANGS: REEES

psi4.energy( 'mp2/cc-pvtz')

p514 energy( 'mp2/cc-pv[dt]z")

p514 gradient('mp2/cc-pvtz’,

p514 optimize( ‘mp2/cc-pv[dt]’,

bsse type='cp')

bsse type=‘uncp’, dertype=0)




DECLARATIVE INTERFACE

ALLOWS TRANSPARENT REFACTORING BETWEEN MODULES, LANGS, REPOS

~ ,gradient(), optimize(), hessian(),
frequency () are the five “user-facing” functions through

which 99+% of QC is run in Psi, so easy to guess command.

Minimal entry points

~ for basis sets, convergence,
implementation, algorithm are added at driver layer.

~ interface layer below the user layer makes it simple
to shift methods btwn languages without disturbing user.

~ when a reference implementation is
optimized in compiled language.

2 when a legacy code is refactored so that
logic in Python and intensive parts in compiled.

~ parsing
o C++ with Boost regex on str (v1.0)
o C++ with C++11 regex on str (v1.1)
o Py dict initializing class (v1.2)
o Py dict from external module initializing class (v1.3)
o in-house fctl + lib3index DF + Wfn::KS (v1.1)
o Libxc fctl + lib3index DF + Wfn::KS
o Libxc fctl + lib3index DF + Wfn::SCF
o Libxc fctl + DF_Helper DF + Wfn::SCF (v1.2)

REVOLUTIONS

wavefunction passing - localizing, in-memory, givinguser

access to calc innards — 2016
molecule passing - globals avoidance — 2016
recursivedriver, minimal entry points — 2016
CMakeRewrite — 2016
dependency ejection (build-wise) — 2016
KillTheBoost — 2016
HistoryRewrite — 2016
pysidescf — 2018
molparse — 2018
gcvar localization - globals avoidance, definition
coherency — 2018-present
distributeddriver — 2018-present
dependency ejection (interface-wise to QCA stack) —
2019-present
theBeheading — upcoming
options passing - globals avoidance — upcoming
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LI MolSSI/ QCSchema - ©® Unwatch ~ 18 - % Unstar a4
¢»Code (! lssues 17 1"l Pull requests 5 1" Projects 0 CEWiki - Ll Insights
A Schema for Quantum Chemistry http://molssi-qc-schema.readthedocs.i...
D 153 commits ¥ 1 branch © 0 releases 42 10 contributors s BSD-3-Clause
CHARACTERISTICS '
Branch: master ~ New pull request | Create new file  Upload files | Find File
@B 5 1oriab and dgasmith geschema_input and geschema_molecule updating (#60) =+ Latest commit c8ssc2f 29 days ago
CONTENTS
DIRECTIONS
OPTIONS
RESOURCES QCElemental / gcelemental / models / Create new file  Upload files | Find file ] History
OUTPUTS

loriab typehint new models.Molecule fns. yapf Latest commit 823e4be 2 days ago

& _init__.py Results: Exposes property object for use elsewhere 24 days ago

&) common_models.py rename to DriverEnum.derivative_int 16 days ago
&) molecule.py typehint new models.Molecule fns. yapf 2 days ago
) procedures.py Models: More strict output validation of required fields 19 days ago
results.py Models: More strict output validation of required fields 19 days ago




QCSchema

FULL-ELEDGE

QCJOB DICT

™

DI SINGEE JOB SE

describes single QC step in unified language
DICT, non-serializable, conforms to schema
filled by translator functions

QCprog, method, basis, deriv level
multilevel, history, Py-format values

exe loc, scratch, mem, threads
stdout, gcvars, interpret-time errors

'driver':
'model': {'

'molecule':

'keywords':

'provenance’

'success’

'geometry': [0.0, 0.0,
ICSI},

'fix_symmetry':
{'freeze core':

'r_convergence':

: None,

: None

‘gradient’,
method': 'ccsd(t)'
basis': 'cc—-pvdz

I}’

{'atomic_numbers"':

True,

8),

[8r 1r 1] ’

—0.06563853809917




QCSchema

FULL-ELEDGE

QCJOB DICT

A

DI SINGEE JOB SE

o describes single QC step in unified language
o DICT, non-serializable, conforms to schema
o filled by translator functions

~ QCprog, method, basis, deriv level
~ multilevel, history, Py-format values

~ exe loc, scratch, mem, threads

~ stdout, gcvars, interpret-time errors

‘driver': DITTO

'model': DITTO

'‘molecule': DITTO

'keywords': DITTO
'provenance’: {'by': 'Psi4', 'func':

'run_json', 'version': ‘1.3'},

'raw_output': .

* CFOUR Coupled-Cluster techniques for Computational Chemistry *\n'

CALCLEVEL ICLLVL CCSD(T) [ 22] *kok \n'
CC_PROGRAM ICCPRO ECC [ 1] *kx  \n'
' A miracle come to pass. The CC iterations have converged.\n'
' CCSD(T) energy -76.320175532159\n’
' Cfour scratch file GRD has been read\n'
3 0.0000000000\n "
8.0000000000 0.0000000000 0.0000000000 0.0006534633\n"
1.0000000000 0.0000000000 -0.0003521950 -0.0003267317\n"'

'extras' {'qcvérs': { | |
'(T) CORRECTION ENERGY': -0.0070965085890132,
'"CCSD CORRELATION ENERGY': -0.2503305491879538,

'CCSD(T) TOTAL ENERGY': -76.320175532159,

"CURRENT GRADIENT': [I o. 0. . 0.00065346],
[ 0. . -0.0003522 , -0.00032673],
[ 0. . 0.0003522 , -0.00032673]11}},

'success': True




QCSchema

EULE-B EDGED SINGEE JOB Sk

QCJOB DICT

h

o describes single QC step in unified language
o DICT, non-serializable, conforms to schema
o filled by translator functions

~ QCprog, method, basis, deriv level
~ multilevel, history, Py-format values

~ exe loc, scratch, mem, threads

~ stdout, gcvars, interpret-time errors

full-featured one-shot

PSIAPI

PSITHO

PSIAPI
LOADER

PS4

C++/PYTHON LIBRARY

PYTHON MODULE w/C++ EXTENSION
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QCSCHEMA runner. Either light wrapper
~ for projects that speak QCSchema or
input-writer/executor/output-parser.

[ deendiff

® COMPUTE params manager & collector.

® SUBPROCESS runner utilities.
<o ECOSYSTEM testing utilities.
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def energy (mtd): def gradient (mtd): def hessian (mtd):
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~def energy (mtd):  def gradient (mtd):  def hessian (mtd):

~class SingleResult ():

AP\ molecule & method & func unchanged. return json

IN\® Return analytic energy, gradient, or Hessian.




~ class NBodyComputer ():

‘ ‘ | ‘ e e | I
—\ \f'\/-—-‘——“ r"\/ ““—.

B D™ k= LS JWN\) Separate molecule into subsystems. CP, noCP, VMFC basis.
| | e - | P y
e I\ B = BN method & func unchanged.

def energy (mtd):  def gradient (mtd):  def hessian (mtd): LYy —> L) L)

Y
for frag in fragments: return json

R I 1 =
_/_\\_/__.‘\_‘__./\_/‘_1_< y

LS Assemble n-body & interaction results from fragments.

~class SingleResult ():

AP\ molecule & method & func unchanged. return json

IN\® Return analytic energy, gradient, or Hessian.
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~def energy (mtd):  def gradient (mtd):  def hessian (mtd):

~ class NBodyComputer ():

JdW\\) Separate molecule into subsystems. CP, noCP, VMFC basis.
method & func unchanged.

Ly — £y £

for frag in fragments: return json

LS Assemble n-body & interaction results from fragments.

~class CBSComputer ():

JWNN) Separate method into method, basis, & extrapolations.
molecule & func unchanged.

‘mp2/cc-pv[tqlz’ >

MP2 TOTAL ENERGY/cc-pVTZ
MP2 TOTAL ENERGY/cc-pVQZ

for mc i1n modelchems: return json

S Assemble extrapolations & total results from modelchems.

~class SingleResult ():

AP\ molecule & method & func unchanged. return json

IN{"® Return analytic energy, gradient, or Hessian.
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~def energy (mtd)
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~def gradient (mtd):

}\
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| ¢

|
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Ldef hessian (mtd):

~class NBodyComputer ():

JdW\\) Separate molecule into subsystems. CP, noCP, VMFC basis.
method & func unchanged.

Ly — Ly £

for frag in fragments: return json

LS Assemble n-body & interaction results from fragments.

~class CBSComputer ():

JWNN) Separate method into method, basis, & extrapolations.
molecule & func unchanged.

‘mp2/cc-pv[tqlz’ >

MP2 TOTAL ENERGY/cc-pVTZ
MP2 TOTAL ENERGY/cc-pVQZ
for mc in modelchems: return json

S Assemble extrapolations & total results from modelchems.

~class FinDifComputer ():

JWNY) Displace molecule according to stencil.
Reference molecule & func unchanged.

LY —> 2o i

for disp in displacements: return json

X"l Assemble derivative results from displacements.

~ class SingleResult ():

AP\ molecule & method & func unchanged. return json

IN\® Return analytic energy, gradient, or Hessian.




o | ' ; | Lclass NBodyComputer ():
1 1 \J ’ @AY Scparate molecule into subsystems. CP, noCP, VMFC basis.
;_/ U T L’\. U U T L L) ..J h\_ U | S I method & func unchanged.

~def energy (mtd):Q def gradient (mtd):Q def hessian (mtd):Q V = LYy — LYy

for frag in fragments: return json

NBody | NBody | NBody NBody

L Assemble n-body & interaction results from fragments.
FinDif FinDif FinDif | FinDif g
~class CBSComputer ():

CBS CBS CBS CBS - JW\\) Separate method into method, basis, & extrapolations.
- | molecule & func unchanged.

‘mp2/cc-pvitqlz’ — >

Single | Single | Single | Single | Single | Single @ Single W Single

MP2 TOTAL ENERGY/cc-pVTZ
MP2 TOTAL ENERGY/cc-pVQZ

/ for mc in modelchems: return json

JSON:

LS Assemble extrapolations & total results from modelchems.
QCSchema

~class FinDifComputer ():

JWNY) Displace molecule according to stencil.
Reference molecule & func unchanged.

LY —> o il

for disp in displacements: return json

X"l Assemble derivative results from displacements.

~ class SingleResult ():

AP\ molecule & method & func unchanged. return json

IN\® Return analytic energy, gradient, or Hessian.




def energy (mtd):_?

- 1

FinDif

PS4

C++/PYTHON LIBRARY
LGPL-3.0

e e

FinDif FinDif

QCSchema

JSON:
QCSchema

S s e ——— o i $ Bk i § VS e

B Class NBodyComputer ():

mtd):i def hessian (mtd):j |

B o o ¢

@ Separate molecule into subsystems. CP, noCP, VMFC basis.
method & func unchanged.

Ly Ly £ <

for frag in fragments: return json

m Assemble n-body & interaction results from fragments. J

/

class CBSComputer ():

Separate method into method, basis, & extrapolations.

molecule & func unchanged.
MP2 TOTAL ENERGY/cc-pVTZ

MP2 TOTAL ENERGY/cc-pVQZ
for mc in modelchems: return json

‘mp2/cc-pvtqlz’

@ Assemble extrapolations & total results from modelchems. j

]

class FinDifComputer ():

@ Displace molecule according to stencil.
Reference molecule & func unchanged.

LY : :

for disp in displacements: return json

m Assemble derivative results from displacements. J

class SingleResult ():

molecule & method & func unchanged. return json

Return analytic energy, gradient, or Hessian. J




def energy (mtd):_?

- 1

FinDif

PS4

C++/PYTHON LIBRARY
LGPL-3.0

e e

FinDif FinDif

QCSchema

® CONTINUOUS, INTERNAL
via psi4

JSON:
QCSchema

S s e ——— o i $ Bk i § VS e

B Class NBodyComputer ():

mtd):i def hessian (mtd):j |

B o o ¢

@ Separate molecule into subsystems. CP, noCP, VMFC basis.
method & func unchanged.

Ly Ly £ <

for frag in fragments: return json

m Assemble n-body & interaction results from fragments. J

/

class CBSComputer ():

Separate method into method, basis, & extrapolations.

molecule & func unchanged.
MP2 TOTAL ENERGY/cc-pVTZ

MP2 TOTAL ENERGY/cc-pVQZ
for mc in modelchems: return json

‘mp2/cc-pvtqlz’

@ Assemble extrapolations & total results from modelchems. j

]

class FinDifComputer ():

@ Displace molecule according to stencil.
Reference molecule & func unchanged.

LY : :

for disp in displacements: return json

m Assemble derivative results from displacements. J

class SingleResult ():

molecule & method & func unchanged. return json

Return analytic energy, gradient, or Hessian. J
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def energy (mtd):
R

e e

FinDif FinDif

FinDif

QCSchema

PS14

C++/PYTHON LIBRARY
LGPL-3.0

QCEngine

PYTHON LIBRARY
BSD-3-Clause

® CONTINUOUS, INTERNAL
via psi4

JSON:
QCSchema

— i G Bk e VS e

mtd):i def hessian (mtd):j |

B o o ¢

. —— S VO U b Ve 8 8 et |

class NBodyComputer ():

@ Separate molecule into subsystems. CP, noCP, VMFC basis.
method & func unchanged.

Ly £y <

for frag in fragments: return json

m Assemble n-body & interaction results from fragments.

:
1 :

N
/

class CBSComputer ():

Separate method into method, basis, & extrapolations.

molecule & func unchanged.
MP2 TOTAL ENERGY/cc-pVTZ

MP2 TOTAL ENERGY/cc-pVQZ
return json

‘mp2/cc-pvtqlz’

for mc 1n modelchems:

@ Assemble extrapolations & total results from modelchems. j

]

class FinDifComputer ():

@ Displace molecule according to stencil.
Reference molecule & func unchanged.

LY : :

for disp in displacements: return json

m Assemble derivative results from displacements.

class SingleResult ():

molecule & method & func unchanged. return json

Return analytic energy, gradient, or Hessian.

W
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def energy (mtd):
R

e e

FinDif FinDif

FinDif

QCSchema

PS14

C++/PYTHON LIBRARY
LGPL-3.0

QCEngine

PYTHON LIBRARY
BSD-3-Clause

® CONTINUOUS, INTERNAL
via psi4

JSON:

QCSchema
® CONTINUOUS, EXTERNAL

via qcng, psi4

— i G Bk e VS e

mtd):i def hessian (mtd):j |

B o o ¢

. —— S VO U b Ve 8 8 et |

class NBodyComputer ():

@ Separate molecule into subsystems. CP, noCP, VMFC basis.
method & func unchanged.

Ly £y <

for frag in fragments: return json

m Assemble n-body & interaction results from fragments.

T J
.
1 :

\

 class CBSComputer ():

Separate method into method, basis, & extrapolations.

molecule & func unchanged.
MP2 TOTAL ENERGY/cc-pVTZ

MP2 TOTAL ENERGY/cc-pVQZ
return json

‘mp2/cc-pvtqlz’

for mc 1n modelchems:

@ Assemble extrapolations & total results from modelchems. j

]

class FinDifComputer ():

@ Displace molecule according to stencil.
Reference molecule & func unchanged.

LY : :

for disp in displacements: return json

m Assemble derivative results from displacements.

class SingleResult ():

molecule & method & func unchanged. return json

Return analytic energy, gradient, or Hessian.

W




def energy (mtd):_?

mtd):i def hessian (mtd):j

- 1

FinDif

QCFractal

PYTHON LIBRARY
BSD-3-Clause

Q

PYTHON LIBRARY

e e

FinDif FinDif

QCSchema

PS4

C++/PYTHON LIBRARY
LGPL-3.0

CEngine

BSD-3-Clause

® CONTINUOUS, INTERNAL

JSON: via

QCSchema
® CONTINUOUS, EXTERNAL

via qcng,

Y V ——— o b 6 Bk e £V S ¥

_ _______ _@ molecule & method & func unchanged.

4

| class NBodyComputer ():

@ Separate molecule into subsystems. CP, noCP, VMFC basis.
method & func unchanged.

L L

for frag in fragments:

£ £

return json

@ Assemble n-body & interaction results from fragments.

class CBSComputer ():
Separate method into method, basis, & extrapolations.
molecule & func unchanged.

‘mp2/cc-pvtqlz’

for mc in modelchems: return json

@ Assemble extrapolations & total results from modelchems.

MP2 TOTAL ENERGY/cc-pVTZ
MP2 TOTAL ENERGY/cc-pVQZ

:
|
N

_

]

class FinDifComputer ():

Displace molecule according to stencil.
Reference molecule & func unchanged.

LY : :

for disp in displacements:

PLAN,

return json

m Assemble derivative results from displacements.

class SingleResult ():

return json

m Return analytic energy, gradient, or Hessian.

v




def energy (mtd):
R

e e

FinDif FinDif

FinDif

QCSchema

QCFractal

PYTHON LIBRARY
BSD-3-Clause

QCEngine

PYTHON LIBRARY
BSD-3-Clause

PS4

C++/PYTHON LIBRARY
LGPL-3.0

® CONTINUOUS, INTERNAL

JSON: via

QCSchema
® CONTINUOUS, EXTERNAL

via qcng,

® DISTRIBUTED, EXTERNAL
via qcf, gcng,

mtd):i def hessian (mtd):j

DO

class NBodyComputer ():

@ Separate molecule into subsystems. CP, noCP, VMFC basis.
method & func unchanged.

L L

for frag in fragments:

£ £

return json

@ Assemble n-body & interaction results from fragments.

i
:
\\

/

@

class CBSComputer ():

Separate method into method, basis, & extrapolations.

molecule & func unchanged.
MP2 TOTAL ENERGY/cc-pVTZ

MP2 TOTAL ENERGY/cc-pVQZ
return json

‘mp2/cc-pvtqlz’

for mc 1n modelchems:

@ Assemble extrapolations & total results from modelchems. j

]

class FinDifComputer ():

Displace molecule according to stencil.
Reference molecule & func unchanged.

L

for disp in displacements:

PLAN,

return json

m Assemble derivative results from displacements.

class SingleResult ():

Pe o o 1 e s —_ -@

molecule & method & func unchanged. return json

4

m Return analytic energy, gradient, or Hessian.

v




psi4.optimize(‘HF/cc-pv[d,t]lz’, bsse type=‘cp’, molecu1e=\3L Q)

from gcfractal import FractalSnowflake
from gcfractal.interface import FractalClient

# Build a active server and client
snowflake = FractalSnowflake()
client = FractalClient(snowflake)
print(client)

def psi_model(coords):
dimer = psi4.geometry("""0 @ @ OA\n H1 @ 0\n H® 1 @\n ——\n 0 3 3 3\n H
dimer.update_geometry()

dimer.set_geometry(psi4.core.Matrix.from_array(coords))

plan = psi4.gradient("HF/cc-pVI[D, TI1Z", bsse_type="CP", molecule=dimer,
return_plan=True, return_total_data=True)

plan.compute(client)

CR-CORR CBES QPT

snowflake.await_results()
ret = plan.get_results(client)

return (ret["extras"] ["qcvars"] ["CURRENT ENERGY"],
np.array(ret["extras"] ["qcvars"] ["CURRENT GRADIENT"]).reshape(-1, 3))

QC Archive

A MolSSI| Project

SRR

Q DRIV & Fractal DEMO
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QCDB DEMO
4-PROGRAM FOCAL POINT

(p4adev3/) psilocaluser bash:psinet:/home/psilocaluser/gits/qccddb/demoZ: (modernpsiZ) time python zach.py

Name Method Program

Epyse CCSD(T) / cc-pCVI[QS5]Z NWCHEM

AFEBgsis MP2 / [aug-cc-pCV[S6]Z - cc-pCV[QS5]Z] PSI

AFEpsoc (at) CCSD / CC-pCVDZ CFOUR

AFEpoativistic  (@t) CCSD(T) / cc-pCVTZ PSI

AFEccsprg CCSDTQ/ cc-pVTZ - CCSD(T) / ce-pVTZ CFOUR/MRCC

AFErcr FCI / cc-pVDZ - CCSD(T) / cc-pVDZ GAMESS
qcdb.set_options({

'memory': '35 gb',
'e_convergence': le-11,
'scf__d_convergence': le-9,
'nwchem_ccsd __maxiter': 100,
'psid_mp2_type': '‘conv',
'psi4_scf_type': 'direct’,
'psid_df_scf_guess': 'false'

})

-

# ccsdtq correction: (CCSDTQ - CCSD(T)) / cc-pVDZ
qcdb.set_options({'cfour_dropmo': [1],})

_, jrec = gcdb.energy('cd4-ccsd(t)/cc-pVTZ', return_wfn=True)

E_ccsdpt = float(jrec['qcvars'] ['CCSD(T) TOTAL ENERGY'].data)

_» jrec = qcdb.energy('cd4-ccsdtq/cc-pVTZ', return_wfn=True)

E_ccsdtq = float(jrec['qcvars'] ['CCSDTQ TOTAL ENERGY'].data)
qcdb.set_options({'cfour_dropmo': None})

dE_ccsdtq[i] = E_ccsdtqg - E_ccsdpt

print(f'~~~ CCSDTQ Correction={dE_ccsdtq[-1]} Har. ({i+1}/{npoints}) ~~~')

# base calculation: CCSD(T) / cc-pCVI[Q5]Z
qcdb.set_options({'memory': '10 gb'})

#E, jrec = qcdb.energy('nwc-ccsd(t)/cc-pCVIT,QlZ', return_wfn=True)
E, jrec = qcdb.energy('nwc-ccsd(t)/cc-pCVTZ', return_wfn=True)
qcdb.set_options({'memory': '55 gb'})

E_base[i] = E

print(f'~~~ Base Energy={E} Har. ({i+1}/{npoints}) ~a~')

# basis set correction: MP2 / (aug-cc-pCV[56]Z) - cc-pCVI[Q5]Z)

E_small, _ = qgcdb.energy('p4-mp2/cc-pCVIT,Q]lZ', return_wfn=True)
E_large, _ = qcdb.energy('p4-mp2/aug-cc-pCVI[T,QlZ', return_wfn=True)
dE_basis[i] = E_large - E_small

print(f'~~~ Basis Correction={dE_basis[-1]} Har. ({i+1}/{npoints}) ~a~')

# relativistic correction: (X2C-CCSD(T) - CCSD(T)) / cc-pCVTZ-DK

qcdb.set_options({'psi4_relativistic': 'x2c'})
E_x2c_on, jrec = qcdb.energy('p4-ccsd(t)/aug-cc-pCVTZ-DK', return_wfn=True)
qcdb.set_options({'psi4_relativistic': 'no'})

E_x2c_off, jrec = qcdb.energy('p4-ccsd(t)/aug-cc-pCVTZ-DK', return_wfn=True)
dE_x2c[i] = E_x2c_on-E_x2c_off
print(f'~~~ Relativistic Correction={dE_x2c[-1]} Har. ({i+1}/{npoints}) ~~~')

# fci correction: (FCI - CCSD(T)) / cc-pVDZ

E_cc, _ = qcdb.energy('gms-ccsd(t)/cc-pVDZ', return_wfn=True)

E_fci, _ = qcdb.energy('gms-fci/cc-pVDZ', return_wfn=True)

dE Tci[i] = Efcl = [E cc

print(f'a~~ FCI Correction={dE_fci[-1]} Har. ({i+1}/{npoints}) ~~~"')

TR - ]

bhys_consts_tot_fci = psid4.diatomic.anharmonicity(R_arr, E_tot_fci)

T ————




QCDB DEMO
4-PROGRAM FOCAL POINT

(p4dev3/) psilocaluser bash:psinet:/home/psiloCaluser/gits/qccddb/demos:

(modernpsiZ) time python zach.py
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