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Accelerated overview

Start End
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Choose and set parameter
values to be evaluated

i

Acquire & process spectrum > Calculate cost function

Optimisation
converged?

Optimise NMR acquisition parameters



Installation

[ NON ) -bash — [Users/yongrenjie A 381

yongrenjie@Empoleon:~ $ pip install nmrpoisel]

Python 3 package — just use pip

See online instructions if your
spectrometer doesn’t have Internet
access




Setting up an optimisation routine

@ poise: choose parameters...

Please select experimental parameters to be optimised (separated by commas or spaces):

Parameters: |

OK Cancel

Prompts for required information with a series of popups

More info later



Running an optimisation routine

(Read in some parameter set first)

Run via TopSpin command line

You can script this

‘noa

nd| [|poise 1 1 C:NMR\dataimfgrpinmr
* ||9.882 ppm / 3953 954 Hz
Index = 7145 - 72

10
I@pouse 1 1 C:\NMR\data\mfgrp\nmr
Shim Coil

Acquisition information Fid Flash Lock Sample
Tem)
mm |
|| L]

cquisition rygging

perature
302 K NG




That’s the nice bits done...



Ingredients of a routine

[ Initial point }

f

Minimum / maximum J
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Tolerance J

.

AU programme
[ Cost function ]< 1
Python cost function




Ingredients of a routine

[ Initial point }

Should be your “best guess”.

cost function
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Q: Does optimisation struggle if you
give it a bad initial point?

A: Depends on the scientific
problem you’re trying to solve

“easy” optimisation

0 1 2 3 4 5 6

~ 4

parameter value

“harder” optimisation




Ingredients of a routine

[ Minimum / maximum J Usually common sense - based on instrument limitations etc.




Ingredients of a routine

Doesn’t matter as much as one might think
Tolerance ., .
(aslong as it’s sensible)




Ingredients of a routine

AU programme ] Defaultis usually OK (zg; efp; apk; abs)
[ Cost function




Ingredients of a routine

[ Cost function Often simple (“integrate this peak”) but
Python cost function ] can be tricky to find something generally

applicable!

Many builtins are available...



Where are routines stored?

exp/stan/nmr /py/user

—— poise.py
—— poise_backend {
:::B;ZE;EE—Esy "name": "plcal",
—— cfhelpers.py "pars": ["pl"],
—— costfunctions.py "lb": [40.0],
—— costfunctions_user.py "ub": [56.0]
—— example_routines e ’
— asaphsqgc.json R init": [48.0],
—— plcal.json ' "tol": [0.2],
__-[.i.] A s "cf": "minabsint",
- S .json ,
_ get zﬁsvp;pp ] "au": "poise_1d”
—— optpoise.py }
—— routines

—— shared. py



Where are cost functions stored?

exp/stan/nmr /py/user

—— poise.py
—— poise_backend {
:::B;ZE;Ea—ésy "name": "plcal",
—— cfhelpers.py "pars": ["pl"],
—— costfunctions.py "lb": [40.0],
—— costfunctions_user.py "ub": [56.0]
—— example_routines e ’
— asaphsqgc.json R init": [48.0],
— plcal.json ' "tol": [0.2],
__'['i'] ) "cf": "minabsint",
— 4. .
_ get i$sv:;pp json "au": "poise_1d”
—— optpoise.py }
—— routines

—— shared. py



Where are cost functions stored?

exp/stan/nmr/py/user
—— poise.py

—— poise_backend
— __1nit__.py
—— backend.py
—— cfthelpers.py
—— costfunctions.py —

—— costfunctions_user.py
example_routines

—— asaphsqgc.json

—— plcal.json

— [...]

—— solvsupp4.json
—— get_cfs.py

—— optpoise.py

—— routines

—— shared.py

import numpy as np

def minabsint():
r = getld_real()
1 = getld_imag()
mag = np.abs(r + 1j * 1)
return np.sum(mag)




Where are cost functions stored?

exp/stan/nmr/py/user
—— poise.py
—— poise_backend

— __1n1t__.py These are “system defaults”
—— backend.py

—— cfhelpers.py / They are overwritten if you reinstall POISE
—— costfunctions.py

—— costfunctions_user.py

example_routines
—— asaphsqc.json Your own stuff should go here

—— plcal.json _ . .
T ] Reinstalling POISE leaves this untouched

—— solvsupp4.json
—— get_cfs.py

—— optpoise.py

—— routines

—— shared.py




Defining cost functions

“Full” Python 3, separate from TopSpin’s
Python interface!

Conscious design choice as TS Python
doesn’t work with things like numpy

We already needed numpy for the core
optimisation algorithms

import numpy as np

def minabsint():
r = getld_real()
1 = getld_1imag()
mag = np.abs(r + 17 * 1)
return np.sum(mag)

Minimise the absolute intensity of the spectrum
(useful when searching for 360° null)




Defining cost functions

This means you can make
really complicated stuff work

“Full” Python 3, separate from TopSpin’s o 5
Python interface!  0.05 '- & 0.057
0.00 Eslc:pe.: 0.916. \I _ 0.00 Eslc:pel: O.POQ 'I _
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doesn’t work with things like numpy 19 a ® 19 o .
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Defining cost functions

It can be very hard to find something that works for “all” samples

* e.g. 1D NOE spectrum — you still have to pick the shift to irradiate

Especially problematic things

« Strong singlets (use dpl)

— * Overlapping peaks
» Artefacts




The optimisation algorithm itself

Three algorithms Algorithms differ especially in how
available: they “move” along parameter space

1. Nelder-Mead /

(" )

2. Multidirectional

Choose and set parameter
search

values to be evaluated

3. BOBYQA



The optimisation algorithm itself

Three algorithms Algorithms differ especially in how
available: they “move” along parameter space

1. Nelder-Mead /

4 )

MEVIRIET . ]
: Choose and set parameter
—seareh Use NM values to be evaluated

3. BOBYQA



NM vs BOBYQA

Three algorithms

available:
Doesn’t use the exact cost function value to decide where to move

1. Nelder-Mead —

“Less information” - slower but less affected by noise / poor CFs

NEVIRWE? : ]
—searel Use NM

3. BOBYQA

NB This is solely anecdotal experience; I don’t
mean to make theoretical claims on performance



NM vs BOBYQA

Three algorithms
available:

1. Nelder-Mead

NEVIRWE? : ]
—searel Use NM

Uses the exact cost function value to decide where to move

el
v

3. BOBYQA -—

“More information” - faster but can go in a poor direction

NB This is solely anecdotal experience; I don’t
mean to make theoretical claims on performance



Derivative-based algorithms

New”thod
Noisy data
Gradie cent
Noisy cost function
Derailed far too easily
Conjxdien’c

Noisy derivatives




How much SNR do you need?

-

N

Noisy data

~

Noisy cost function

J




How much SNR do you need? (or NS)

* As much as possible! :-(

» Some trial and error involved here, sorry --- we don’t have a “magic threshold
value”

 This again depends on the scientific problem you’re solving



Scripting POISE

GETCURDATA
int old_expno = expno;
DATASET (name, 99999, procno, disk, user)

poisecal RPAR("P1_CALIBRATION", "all")
GETPROSOL
:pVV90° XCMD("sendgui xpy poise plcal -q")
calibration

. float plopt;
routine FETCHPAR("P 1", &plopt)
plopt = plopt/4;
*simplified version
for today DATASET (name, old_expno, procno, disk, user)
STOREPAR("P 1", plopt)
Proc_err (INFO_OPT, "Optimised value of pl: %.3f", plopt);



Scripting POISE

GETCURDATA

Set up for int old_expno = expno;
.. . DATASET (name, 99999, procno, disk, user)
optimisation  gpaR("P1_CALIBRATION", "all")

GETPROSOL



Scripting POISE

Optimise XCMD ("sendgui xpy poise plcal -q")



Scripting POISE

Retrieve float plopt;
. FETCHPAR("P 1", &plopt)

You can get value of
cost function via TI
parameter



Scripting POISE

Set new DATASET (name, old_expno, procno, disk, user)

parameter STOREPAR("P 1", plopt)
value Proc_err (INFO_OPT, "Optimised value of pl: %.3f", plopt);



Generality is a tradeoff

 POISE is designed to be general — write your own routines, cost functions

At the same time, this means that you can’t make a highly specialised workflow

* e.g. T, calculation routine: do inversion-recovery expt and search for null in intensity. Faster
than 2D IR, but faster methods exist

* pulsecal fast (doesn’tdo rga)is actually faster than poisecal (but still inaccurate)



Thanks [and (other) questions]

Mohammadali Foroozandeh (Oxford)
Tim Claridge (Oxford)

Many others — see paper...
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Poster 42 Q: How do you make your plots?
A: I wrote a Python package to do it!
GitHub: yongrenjie/penguins
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