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NEMS is the Neural Encoding Model System. It is helpful for fitting a mathematical model to time series data, plotting
the model predictions, and comparing the predictive accuracy of multiple models. We use it to develop and test com-

putational models of how sound is encoded in the brains of behaving mammals, but it will work with many different
types of timeseries data.

GETTING STARTED 1


https://hearingbrain.org/research.php
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CHAPTER
ONE

GENERIC PYTHON INSTALL

If you already have Python and Git, download NEMS:

git clone https://github.com/1lbhb/NEMS

Add the NEMS library via pip (where . /NENS is the installation directory and -e means editable mode, which is not
necessary, but is useful if you end up customizing your model fits):

pip install -e ./NEMS

NEMS libraries should now be loadable!
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CHAPTER
TWO

CONDA INSTALLATION

Conda is simple and popular platform for Python package management. NEMS does not currently have a conda pack-
age, but you can use conda to manage Python and your other packages. To install NEMS in a conda environment, first
download and install Conda from here. Git should be installed with Conda.

Download NEMS:

git clone https://github.com/1lbhb/NEMS

Create a NEMS environment, then activate it and install NEMS:

conda env create -n NEMS -f ./NEMS/environment.yml
conda activate NEMS
pip install -e ./NEMS



https://www.anaconda.com/download/
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CHAPTER
THREE

EXTRA DEPENDENCIES

NWRB: Support for reading datasets stored in Neurodata Without Borders (NWB) format. Pip install the allensdk
packages as part of NEMS. You can run this either before or after the generic install described above:

pip install -e ./NEMS/[nwb]

Tensorflow: If you’re using conda to manage packages, it’s best to install Tensorflow via conda:

# without GPU (run on CPU):
conda install tensorflow

# or with GPU support:

conda install tensorflow-gpu

If you’re using pip, install Tensorflow support with pip:

pip install -e ./NEMS/[tensorflow]

Sphinx (if you want to be able to edit and regenerate documentation):

pip install -e ./NEMS/[docs]
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CHAPTER
FOUR

NOTES

We have found that Python 3 distributions compiled with the Intel MKL libraries are about twice as fast as the default
Python implementations that come installed on many linux machines.

NEMS is designed to use Python 3. Backwards compatibility with Python 2 is untested and unsupported.
You may want to add NEMS to your python path. Eg, in Linux:

echo "export PYTHONPATH=\"\$PYTHONPATH: pwd  /NEMS\"" >> ~/.bashrc
source ~/.bashrc
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CHAPTER
FIVE

QUICK START

5.1 Start analyzing data

You may test if everything is working by telling NEMS to download some sample auditory stimulus-response data, use
a simple linear-nonlinear model (which should taking about 2 minutes to fit), and then save the results locally:

python demo_script.py

Or open demo_script.py in an editor to work through each step of the fit.

5.2 | just want to analyze data! Where should | put my script?

If you are just hacking around, please put your code in the scripts directory — it’s for any one-off analysis or snippet
of code that isn’t yet ready for reuse by other people. We recommend using scripts/demo_script.py as a guide for
the types of operations that you may find useful.

There is an xforms system for batching and saving analyses in a way that you can reload later; this was what we used in
the scripts/fit_model.py command. We also have a good tutorial/template at scripts/demo_script.py. We
recommend beginners make a copy of it and edit it as needed. You can run it with:

python scripts/demo_script.py

5.3 Where should | put my data? Where should | save my results?

5.3.1 Input Data

If your data is in Recording format, put it in the recordings directory. If it is not yet in recording form, you may
want to make a conversion script in scripts that is able convert your data from your custom format into Signals and
Recordings.

Below is some pseudocode for a script that converts your data from a custom format and then saves it as a Signal to
make it easier for other people to use.

from nems0.signal import Signal

numpy_array = load_my_custom_data_format(...)
sig = Signal (data=numpy_array,
name='"mysignal"',

(continues on next page)
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(continued from previous page)

recording="'some-string',
fs=200 # Hz
)

sig.save('recordings/my-new-recording/my-new-signal')

5.3.2 Output Results

Once you have fit a model to a recording, you can save the resulting files either locally in your NEMS/results directory,

or to a remote database server.

12
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CHAPTER
SIX

BACKGROUND AND REFERENCES

6.1 The Big Picture

6.2 Suggested Reading

This older review paper provides background on the general approach of using encoding models to study sensory
processing: https://hearingbrain.org/pdf/wu_david_gallant_annrev_2006.pdf

Here’s a more recent study comparing performance of encoding models for auditory cortex that uses the NEMS library:
https://www.biorxiv.org/content/10.1101/534537v3

And finally, here’s a review of behavior state-dependent models of the sort that can be fit using NEMS: https://www.
sciencedirect.com/science/article/pii/S0378595517303611?via%3Dihub

13
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CHAPTER
SEVEN

NEMS DEMOS

7.1 Demo scripts

The NEMS/scripts/ folder contains a number of files demo_*. py that illustrate different aspects of working with
NEMS. A good place to start is demo_script.py.

7.2 Demo Notebooks

These demos are formatted as Jupyter notebooks. There are two ways to run them. One is to launch your preferred
Python environment with NEMS installed. Then cut/paste code from the pages below into your Python console.

An alternative is to copy the notebooks from nems/docs/source/demos/ to a working directory and open them using
Jupyter Notebooks/Jupyter Lab. More information on using Jupyter here: https://jupyter.org/

7.2.1 Intro to NEMS

This notebook covers some basic overview of how NEMS works, form loading data to creating a modelspec of a
model and evaluating it.

import pickle
from pathlib import Path

import nems0.analysis.api

import nems®.initializers

import nems®.recording as recording

import nems®.uri

from nems0.fitters.api import scipy_minimize
from nems0.signal import RasterizedSignal

[nems.configs.defaults INFO] Saving log messages to /tmp/nems\NEMS 2020-05-28 133134.log

15
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Configuration

Raw data is usually saved in the recording directory in NEMS. You can specify a custom save data location in your
NEMS config file.

# get the data and results paths
signals_dir = Path(nems.NEMS_PATH) / 'recordings'

# download some demo data
recording.get_demo_recordings(signals_dir)
datafile = signals_dir / 'TARO10c-18-1.pkl'

Load and Format Recording Data

with open(datafile, 'rb') as f:
cellid, rec_name, fs, X, Y, epochs = pickle.load(f)

A recording object contains a set of signal objects, along with some associated metadata. signal objects can be
of various types depending on your use case. signal data is stored as channel x time arrays.

# create NEMS formatted signal objects from the raw data
resp = RasterizedSignal(fs, Y, 'resp', rec_name, epochs=epochs, chans=[cellid])
stim = RasterizedSignal(fs, X, 'stim', rec_name, epochs=epochs)

# create the recording object from the signals
signals = {'resp': resp, 'stim': stim}
rec = recording.Recording(signals)

To validate the model after training, the data is split into est and val datasets.

est, val = rec.split_using_epoch_occurrence_counts(epoch_regex="ASTIM_")

Initialize the Modelspec

Modelspec names are shorthand keyword strings. The below one defines a model, which constrains the spectral tuning
to be gaussian and adds a static output non linearity.

modelspec_name = 'wc.18x2.g-fir.2x15-1vl.1-dexp.1’

# record some meta data for display and saving
meta = {'cellid': cellid,
'batch': 271,
'modelname’: modelspec_name,
'recording': cellid

3

modelspec = nems.initializers.from_keywords(modelspec_name, meta-meta)

[nems.initializers INFO] kw: wc.18x2.g
[nems.initializers INFO] kw: fir.2x15
[nems.initializers INFO] kw: 1vl.1

(continues on next page)
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[nems.initializers INFO] kw: dexp.1

[nems.initializers INFO] Setting modelspec[0] input to stim

Run an Analysis

The model is fit to the data using a basic gradient approach.

(continued from previous page)

modelspec = nems.analysis.api.fit_basic(est, modelspec, fitter=scipy_minimize)

[nems.analysis.fit_basic INFO] Data len pre-mask: 206974

[nems.analysis.fit_basic INFO] Data len post-mask:

[nems.modelspec INFO] Freezing fast rec at start=0

[nems.fitters.fitter INFO] options {'ftol': 1le-07,

[nems.fitters.fitter INFO] Start sigma:

—-0.05 0.

0. 0.

0. 0.

0. 0.

0. 1.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
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[nems.analysis.
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[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.
[nems.analysis.

0.

0. 0.
0.1 -0.05
0. 0.
0. ]

cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions
cost_functions

INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]

Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval
Eval

[ 0.4167 0.5833

0. 0.

0. 0.

0. 0.

#100. E=1.103888
#200. E=1.051702
#300. E=1.000810
#400. E=0.998919
#500. E=0.985356
#600. E=0.979484
#700. E=0.973421
#800. E=1.509854
#900. E=0.957021
#1000. E=0.947317
#1100. E=0.951219
#1200. E=0.945415
#1300. E=0.944702
#1400. E=1.009904
#1500. E=0.943614
#1600. E=0.943349
#1700. E=0.942525
#1800. E=0.942367
#1900. E=0.941636
#2000. E=0.940703
#2100. E=0.939995
#2200. E=0.939768
#2300. E=0.940184
#2400. E=0.939562
#2500. E=0.939343
#2600. E=0.939294
#2700. E=0.939260
#2800. E=0.939626
#2900. E=0.939196
#3000. E=0.939138
#3100. E=0.939115
#3200. E=0.939088

148500

'maxiter':

0.
0.
0.

1000,

0.

'maxfun’':
0.3192 0.3192 0.

10000}
0.1 L

(continues on next page)
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0.0385

[nems.analysis.cost_functions INFO] Eval #3300. E=0.939086
[nems.analysis.cost_functions INFO] Eval #3400. E=0.939047
[nems.analysis.cost_functions INFO] Eval #3500. E=0.939098
[nems.analysis.cost_functions INFO] Eval #3600. E=0.939004
[nems.analysis.cost_functions INFO] Eval #3700. E=0.938968
[nems.analysis.cost_functions INFO] Eval #3800. E=0.938932
[nems.analysis.cost_functions INFO] Eval #3900. E=0.938921
[nems.analysis.cost_functions INFO] Eval #4000. E=0.938892
[nems.analysis.cost_functions INFO] Eval #4100. E=0.938927
[nems.analysis.cost_functions INFO] Eval #4200. E=0.938838
[nems.analysis.cost_functions INFO] Eval #4300. E=0.938823
[nems.analysis.cost_functions INFO] Eval #4400. E=0.938815
[nems.analysis.cost_functions INFO] Eval #4500. E=0.938810
[nems.analysis.cost_functions INFO] Eval #4600. E=0.938805
[nems.analysis.cost_functions INFO] Eval #4700. E=0.938800
[nems.analysis.cost_functions INFO] Eval #4800. E=0.938793
[nems.analysis.cost_functions INFO] Eval #4900. E=0.938784
[nems.analysis.cost_functions INFO] Eval #5000. E=0.938779
[nems.analysis.cost_functions INFO] Eval #5100. E=0.938774
[nems.analysis.cost_functions INFO] Eval #5200. E=0.938766
[nems.analysis.cost_functions INFO] Eval #5300. E=0.938759
[nems.analysis.cost_functions INFO] Eval #5400. E=0.938756
[nems.analysis.cost_functions INFO] Eval #5500. E=0.938750
[nems.analysis.cost_functions INFO] Eval #5600. E=0.938748
[nems.analysis.cost_functions INFO] Eval #5700. E=0.938744
[nems.analysis.cost_functions INFO] Eval #5800. E=0.938740
[nems.analysis.cost_functions INFO] Eval #5900. E=0.938738
[nems.analysis.cost_functions INFO] Eval #6000. E=0.938736
[nems.analysis.cost_functions INFO] Eval #6100. E=0.938731
[nems.analysis.cost_functions INFO] Eval #6200. E=0.938726
[nems.analysis.cost_functions INFO] Eval #6300. E=0.938720
[nems.analysis.cost_functions INFO] Eval #6400. E=0.938718
[nems.analysis.cost_functions INFO] Eval #6500. E=0.938715
[nems.analysis.cost_functions INFO] Eval #6600. E=0.938729
[nems.analysis.cost_functions INFO] Eval #6700. E=0.938712
[nems.analysis.cost_functions INFO] Eval #6800. E=0.938711
[nems.fitters.fitter INFO] Starting error: 1.126462 -- Final error: 0.938711
[nems.fitters.fitter INFO] Final sigma: [ 0.1127 1.01 0.0878 0.429

— 0.0848 -0.0516 0.0173

-0.0399 -0.0922 -0.0377 -0.0823 -0.0094 -0.0021 0.0392
-0.0495 0.0242 0.0226 0.0768 0.0919 0.1434 -0.1538
0.0328 0.0106 -0.0735 -0.1639 -0.0261 0.0469 -0.1385
0.1432 0.9374 0.3081]

[nems.analysis.fit_basic INFO] Delta error: 1.126462 - 0.

-0.0257 -0.0082
-0.1551 -0.0634
-0.3081 0.7584

938711 = -1.877514e-01

0.3507.
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Generate Summary Statistics

# generate predictions
est, val = nems.analysis.api.generate_prediction(est, val, modelspec)

# evaluate prediction accuracy
modelspec = nems.analysis.api.standard_correlation(est, val, modelspec)

# results

print("Performance: r_fit= r_test= " format(
modelspec.metal'r_fit']J[0][0],
modelspec.metal'r_test']J[0][0]))

Performance: r_fit=0.346 r_test=0.353

Genenrate Plots

fig = modelspec.quickplot(rec=est)

[nems.modelspec INFO] Quickplot: no epoch specified, falling back to "TRIAL"
[nems.modelspec WARNING] Quickplot: no valid epochs matching TRIAL. Will not subset data.
[nems.modelspec INFO] plotting row 1/6

[nems.modelspec INFO] plotting row 2/6

[nems.modelspec INFO] plotting row 3/6

[nems.modelspec INFO] plotting row 4/6

[nems.modelspec INFO] plotting row 5/6

bin range: 0-500

[nems.modelspec INFO] plotting row 6/6
[nems.modelspec INFO] Quickplot: generated fig with title "Cell: TARO10c-18-1, Batch:.
-.271, None #0 wc.18x2.g-fir.2x15-1vl.1-dexp.1"

7.2. Demo Notebooks 19



NEMS Documentation, Release 0.0.1.beta1

16
14
12
10

Channel

(= -]

Channel In

40
35
30
25
20
15
10
0.5
0.0

Value

resp

=R T L - I - )

Cell: TAR010c-18-1, Batch: 271, None #0
wc.18x2 . g-fir2x15-lvl.1-dexp.1

stim spectrogram

I- aoe

-aoo ki

I- -a.08

—— resp TARO10c-18-1

o 1

r=020798

Nonlirfea rity Double Expa nehtial

-15

40
s
30
25
20
15
10
0.5
0.0

Value

0
10

0.9
0.8
07
0.6
05
0.4
03
0.2

resp

nbsphinx-code-borderwhite

—10

| . M u|||

([IIH V| | '.~|

Prdiction vs Response, Nong #0

I
n

.lll

LWL .

20 2‘5
—— resp TARO10c-18-1

15

|~ [I

I_IJ

wum TN

Smoothed, bins=100

r_test: 0.353 (n=1}
rfit: 0.346

[ |
2

Unsmoothed

TME | test: 0.353 (n=1)

rfit: 0.346

resp

7
B
5
4
3
2
1
o

D2 03 04 05 06

pred

07

08 09

02z 03 04 05

pred

0.6 07 08 09

20

Chapter 7. NEMS Demos



NEMS Documentation, Release 0.0.1.beta1

7.2.2 xforms Demo

This notebook demonstrates the use of xforms for generating models that are easy to reload.

[1]: import logging
from pathlib import Path

import nems0.db as db

import nems®.modelspec as ms

import nems0.recording as recording
import nems®.uri

import nems®.xforms as xforms

[nems.configs.defaults INFO] Saving log messages to /tmp/nems\NEMS 2020-05-28 141002.log

Configuration

[2]: # get the data and results paths
results_dir = nems.get_setting('NEMS_RESULTS_DIR")
signals_dir = nems.get_setting('NEMS_RECORDINGS_DIR")

[3]: # download some demo data
recording.get_demo_recordings(signals_dir)
datafile = Path(signals_dir) / 'TAR@10c-18-1.pkl"’

Data Loading and Preprocessing

[4]: load_command = 'nems.demo.loaders.demo_loader'
expt_id = 'TARO10c'
batch = 271

cell_id = 'TARO10c-18-1'

[5]: modelspec_name = 'dlog-wc.18x1.g-fir.1x15-1vl.1-dexp.1"'

Generate the Modelspec

Each item in the xform spec is a call to a function along with the arguments for that function.

[6]: xfspec = []

[7]: # load from external format
xfspec.append([ 'nems.xforms.load_recording_wrapper',
{'load_command': load_command,
"exptid': expt_id,
'datafile': str(datafile)
1D

7.2. Demo Notebooks 21
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# split the data into est and val
xfspec.append([ 'nems.xforms.split_by_occurrence_counts',
{'epoch_regex': 'ASTIM_'}1)

xfspec.append([ 'nems.xforms.average_away_stim_occurrences', {}])

meta = {'cellid': cell_id, 'batch': batch, 'modelname': modelspec_name,
—expt_id}

xfspec.append([ 'nems.xforms.init_from_keywords',
{'keywordstring': modelspec_name,
'meta': meta

3D

# init, then fit
xfspec.append([ 'nems.xforms.fit_basic_init', {}])
xfspec.append([ 'nems.xforms.fit_basic', {'tolerance': le-6}])

xfspec.append([ 'nems.xforms.predict', {}])

# test prediction then visualize

xfspec.append([ 'nems.analysis.api.standard_correlation', {3},
['est', 'val', 'modelspec', 'rec'], ['modelspec']l])

xfspec.append([ 'nems.xforms.plot_summary', {}])

Run the Analysis

ctx = {}
for xfa in xfspec:
ctx = xforms.evaluate_step(xfa, ctx)

[nems.xforms INFO] Evaluating: nems.xforms.load_recording_wrapper

'recording':.

[nems.xforms INFO] Loading cached file C:\Users\Alex\PycharmProjects\NEMS\recordings\

. TARO10c_afb264b3db970ec890e04c727e612clcbfaced62.tgz
[nems.xforms INFO] Evaluating: nems.xforms.split_by_occurrence_counts

[nems.xforms INFO] Evaluating: nems.xforms.average_away_stim_occurrences

[nems.xforms INFO] Evaluating: nems.xforms.init_from_keywords
[nems.initializers INFO] kw: dlog

[nems.initializers INFO] kw: wc.18xl.g

[nems.initializers INFO] kw: fir.1x15

[nems.initializers INFO] kw: 1vl.1

[nems.initializers INFO] kw: dexp.1

[nems.initializers INFO] Setting modelspec[0] input to stim
[nems.xforms INFO] Evaluating: nems.xforms.fit_basic_init

[nems.initializers INFO] prefit LN parameters: tol=3.16e-06 max_iter=1500
[nems.initializers INFO] target_module: ['levelshift', 'relu'] found at modelspec[3].
[nems.initializers INFO] Mod 3 (nems.modules.levelshift.levelshift) initializing level..

—to resp mean 0.207
[nems.initializers INFO] resp has 1 channels
[nems.initializers INFO] Fit: [0 1 2 3]

(continues on next page)
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(continued from previous page)

[nems.initializers INFO] Freeze: []

[nems.initializers INFO] Exclude: [4.]

[nems.initializers INFO] Excluding module 4 (nems.modules.nonlinearity.double_
—,exponential)

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=0

[nems.fitters.fitter INFO] options {'ftol': 3.162277660168379e-06, 'maxiter': 1500,
— 'maxfun': 15000}

[nems.fitters.fitter INFO] Start sigma: [ O. 0.5 0.3192 0. 0.1 -0.05 .
— 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0. 0.

0.2074]
[nems.analysis.cost_functions INFO] Eval #100. E=0.945049
[nems.analysis.cost_functions INFO] Eval #200. E=0.915989
[nems.analysis.cost_functions INFO] Eval #300. E=0.895050
[nems.analysis.cost_functions INFO] Eval #400. E=0.890344
[nems.analysis.cost_functions INFO] Eval #500. E=0.887200
[nems.analysis.cost_functions INFO] Eval #600. E=0.886142
[nems.analysis.cost_functions INFO] Eval #700. E=0.885961
[nems.analysis.cost_functions INFO] Eval #800. E=0.885516
[nems.analysis.cost_functions INFO] Eval #900. E=0.885404

[nems.fitters.fitter INFO] Starting error: 0.980508 -- Final error: 0.885402
[nems.fitters.fitter INFO] Final sigma: [-0.1006 0.109 0.1278 -0.0169 0.3815 0.2093..
—-0.0939 -0.0681 -0.0717

-0.0123 -0.0209 -0.0318 -0.0432 -0.0083 -0.0112 -0.0095 0.0009 -0.0557

0.1257]
[nems.analysis.fit_basic INFO] Delta error: 0.980508 - 0.885402 = -9.510548e-02
[nems.initializers INFO] Found module 4 (double_exponential) for subset prefit
[nems.initializers INFO] Fit: [4]
[nems.initializers INFO] Freeze: [0 1 2 3]
[nems.initializers INFO] Exclude: []
[nems.initializers INFO] Freezing phi for module ® (nems.modules.nonlinearity.dlog)
[nems.initializers INFO] Freezing phi for module 1 (nems.modules.weight_channels.
<,gaussian)
[nems.initializers INFO] Freezing phi for module 2 (nems.modules.fir.basic)
[nems.initializers INFO] Freezing phi for module 3 (nems.modules.levelshift.levelshift)
[nems.analysis.fit_basic INFO] Data len pre-mask: 49500
[nems.analysis.fit_basic INFO] Data len post-mask: 49500
[nems.modelspec INFO] Freezing fast rec at start=4
[nems.fitters.fitter INFO] options {'ftol': 3.162277660168379e-06, 'maxiter': 700,
—'maxfun': 7000}
[nems.fitters.fitter INFO] Start sigma: [0.6689 0. 1.3294 0.2075]
[nems.analysis.cost_functions INFO] Eval #100. E=0.865425
[nems.fitters.fitter INFO] Starting error: 0.909664 -- Final error: 0.865409
[nems.fitters.fitter INFO] Final sigma: [2.4717 0.0876 0.7382 0.7999]
[nems.analysis.fit_basic INFO] Delta error: 0.909664 - 0.865409 = -4.425523e-02
[nems.xforms INFO] Evaluating: nems.xforms.fit_basic
[nems.xforms INFO] -----------—-————————~—~—~—~—~~
[nems.xforms INFO] Fitting: fit 1/1, fold 1/1 (tol=1.00e-06, max_iter=1000)
[nems.analysis.fit_basic INFO] Data len pre-mask: 49500
[nems.analysis.fit_basic INFO] Data len post-mask: 49500

(continues on next page)
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[nems.modelspec INFO] Freezing fast rec at start=0
[nems.fitters.fitter INFO] options {'ftol': 1le-06, 'maxiter': 1000, 'maxfun': 10000}
[nems.fitters.fitter INFO] Start sigma: [-1.0060e-01 1.0900e-01 1.2780e-01 -1.6900e-02..
— 3.8150e-01 2.0930e-01
-9.3900e-02 -6.8100e-02 -7.1700e-02 -1.2300e-02 -2.0900e-02 -3.1800e-02
-4.3200e-02 -8.3000e-03 -1.1200e-02 -9.5000e-03 9.0000e-04 -5.5700e-02

1.2570e-01 2.4717e+00 8.7600e-02 7.3820e-01 7.9990e-01]

[nems.analysis.cost_functions INFO] Eval #100. E=0.864857

[nems.analysis.cost_functions INFO] Eval #200. E=0.862435

[nems.analysis.cost_functions INFO] Eval #300. E=0.861485

[nems.analysis.cost_functions INFO] Eval #400. E=0.860291

[nems.analysis.cost_functions INFO] Eval #500. E=0.858603

[nems.analysis.cost_functions INFO] Eval #600. E=0.857506

[nems.analysis.cost_functions INFO] Eval #700. E=0.854957

[nems.analysis.cost_functions INFO] Eval #800. E=0.856073

[nems.analysis.cost_functions INFO] Eval #900. E=0.853329

[nems.analysis.cost_functions INFO] Eval #1000. E=0.852527
[nems.analysis.cost_functions INFO] Eval #1100. E=0.851789
[nems.analysis.cost_functions INFO] Eval #1200. E=0.851620
[nems.analysis.cost_functions INFO] Eval #1300. E=0.851192
[nems.analysis.cost_functions INFO] Eval #1400. E=0.850913
[nems.analysis.cost_functions INFO] Eval #1500. E=0.850907
[nems.analysis.cost_functions INFO] Eval #1600. E=0.851155
[nems.analysis.cost_functions INFO] Eval #1700. E=0.850678
[nems.analysis.cost_functions INFO] Eval #1800. E=0.850645
[nems.analysis.cost_functions INFO] Eval #1900. E=0.850550
[nems.analysis.cost_functions INFO] Eval #2000. E=0.850305
[nems.analysis.cost_functions INFO] Eval #2100. E=0.850310
[nems.analysis.cost_functions INFO] Eval #2200. E=0.849841
[nems.analysis.cost_functions INFO] Eval #2300. E=0.849612
[nems.analysis.cost_functions INFO] Eval #2400. E=0.849527
[nems.analysis.cost_functions INFO] Eval #2500. E=0.893259
[nems.analysis.cost_functions INFO] Eval #2600. E=0.849483
[nems.analysis.cost_functions INFO] Eval #2700. E=0.849345
[nems.analysis.cost_functions INFO] Eval #2800. E=0.849329
[nems.analysis.cost_functions INFO] Eval #2900. E=0.851132
[nems.analysis.cost_functions INFO] Eval #3000. E=0.849308
[nems.analysis.cost_functions INFO] Eval #3100. E=0.849287

[nems.analysis.cost_functions INFO] Eval #3200. E=0.849280

[nems.fitters.fitter INFO] Starting error: 0.865409 -- Final error: 0.849279
[nems.fitters.fitter INFO] Final sigma: [-1.7353e+00 1.4920e-01 8.4800e-02 -1.0000e-03.
—, 2.2820e-01 1.6310e-01

-3.5500e-02 -2.7500e-02 -9.9700e-02 -2.7500e-02 -1.9800e-02 1.8900e-02

-2.2600e-02 -1.4000e-03 2.3000e-03 -2.5500e-02 1.8000e-02 -4.1100e-02

-1.1800e-01 2.4112e+00 1.1850e-01 6.5300e-01 1.0436e+00]

[nems.analysis.fit_basic INFO] Delta error: 0.865409 - 0.849279 = -1.612929e-02
[nems.xforms INFO] Evaluating: nems.xforms.predict

[nems.xforms INFO] Evaluating: nems.analysis.api.standard_correlation

[nems.xforms INFO] Evaluating: nems.xforms.plot_summary

[nems.modelspec INFO] Quickplot: no epoch specified, falling back to "REFERENCE"
[nems.modelspec WARNING] Quickplot: no valid epochs matching REFERENCE. Will not subset..
—.data.

(continues on next page)
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Quickplot: generated fig with title "Cell: TAR®10c-18-1, Batch:..
271, None #0 dlog-wc.18x1l.g-fir.1x15-1vl.1-dexp.1"
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Saving Results

# get a unique dir to save the modelspec to

destination = Path(results_dir) / str(batch) / xforms.get_meta(ctx)['cellid'] / ms.get_
—modelspec_longname (ctx[ 'modelspec'])

destination = str(destination)

xforms.save_analysis(destination,
recording=ctx['rec'],
modelspec=ctx[ 'modelspec'],
xfspec=xfspec,
figures=ctx['figures'],
log="NO LOG")

{'savepath': 'C:\\Users\\Alex\\PycharmProjects\\NEMS\\results\\271\\TARO10c-18-1\\
. TARO10c.dlog_wc.18x1.g_fir.1x15_1vl.1_dexp.1l.fit_basic.2020-05-28T211146/'}

# save summary of results to a database

modelspec = ctx['modelspec']

modelspec.meta[ 'modelpath'] = destination
modelspec.metal['figurefile'] = destination + 'figure.0000.png'
db.update_results_table(modelspec)

7.2.3 Basic xform Usage

The combination of xforms and modelspecs allows for a compact representation of a workflow, from data loading to
model fitting to analysis and more. Below is a simple example of how in a few lines of code, this can be achieved.

from pathlib import Path

import nems0.uri
import nems0.recording as recording
import nems0.xform_helper as xhelp

7.2.4 Download Sample Data

Here we quickly download a sample recording to be used in this example. This data is in the form of a recording
object, which contains a set of signals which are containers for each of the data channels (here, the stim and resp
data that we use in the fit).

# save the demo data the default data directory

signals_dir = nems.get_setting('NEMS_RECORDINGS_DIR'")

# download the demo data: cell "TARO10c-18-1"
recording.get_demo_recordings(signals_dir, 'TARO10c-18-1.tgz')
datafile = Path(signals_dir) / 'TAR0®10c-18-1.tgz'
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7.2.5 Run the Analysis

We specify the name of the analysis we want to run, which consists of a set of keywords for the loader (1d-sev), the
model (dlog-wc.18x2.g-fir.2x15-1vl.1-dexp. 1), and the fitter (basic), and pass that information to the xform
function which will build the analysis pipeline and fit the model.

# pass in the relevant information

xfspec, ctx = xhelp.fit_model_xform(
cellid="'TARO10c-18-1",
batch=289,
modelname="'1d-sev_dlog-wc.18x2.g-fir.2x15-1vl.1-dexp.1 _basic',
returnModel=True,
saveInDB=False,
recording_uri=str(datafile),

)

[nems.xform_helper INFO] Initializing modelspec(s) for cell/batch TAR®10c-18-1/289...
[nems.xform_helper INFO] TODO: simplify generate_xforms_spec parameters
[nems.xform_helper INFO] Initializing modelspec(s) for recording/model C:\Users\Alex\
—.PycharmProjects\NEMS\recordings\TAR®10c-18-1.tgz/1ld-sev_dlog-wc.18x2.g-fir.2x15-1vl.1-
—dexp.1_basic...

[nems.xform_helper INFO] [['nems.xforms.init_context', {'cellid': 'TAR0O10c-18-1', 'batch
—': 289, 'keywordstring': 'dlog-wc.18x2.g-fir.2x15-1vl.1-dexp.1l', 'meta': {'batch': 289,
— 'cellid': 'TAR®10c-18-1', 'modelname': 'ld-sev_dlog-wc.18x2.g-fir.2x15-1vl.1-dexp.1_
—basic', 'loader': 'ld-sev', 'fitkey': 'basic', 'modelspecname': 'dlog-wc.18x2.g-fir.
—2x15-1vl.1-dexp.1l', 'username': 'nmems', 'labgroup': 'lbhb', 'public': 1, 'githash': "'
— 'recording': 'ld-sev'}, 'recording_ uri_list': ['C:\\Users\\Alex\\PycharmProjects\\
—NEMS\\recordings\\TARO10c-18-1.tgz']}], ['nems.xforms.load_recordings', {'recording_
—uri_list': ['C:\\Users\\Alex\\PycharmProjects\\NEMS\\recordings\\TARO10c-18-1.tgz'],
- 'mormalize': False}], ['nems.xforms.split_by_occurrence_counts', {'epoch_regex': 'ASTIM
—'}], ['nems.xforms.average_away_stim_occurrences', {'epoch_regex': 'ASTIM'}], ['nems.
—xforms.init_from_keywords', {'registry': <nems.registry.KeywordRegistry object at.
—0x000001802CCA8908>}], ['nems.xforms.fit_basic', {'max_iter': 3000, 'fitter': 'scipy_
—minimize', 'tolerance': 1e-07}], ['nems.xforms.predict', {}], ['nems.xforms.add_
—summary_statistics', {}], ['nems.xforms.plot_summary', {}]]

[nems.xforms INFO] Evaluating: nems.xforms.init_context

[nems.xforms INFO] xf argument recording_uri_list overlaps with existing context key:.
—nems.xforms.load_recordings

[nems.xforms INFO] Evaluating: nems.xforms.load_recordings

[nems.xforms INFO] Extracting cellid(s) TAR0®10c-18-1

[nems.preprocessing INFO] Adding to epoch_onsets: TRIAL with shift = 0

[nems.xforms INFO] Evaluating: nems.xforms.split_by_occurrence_counts

[nems.xforms INFO] Evaluating: nems.xforms.average_away_stim_occurrences

[nems.xforms INFO] Evaluating: nems.xforms.init_from_keywords

[nems.initializers INFO] kw: dlog

[nems.initializers INFO] kw: wc.18x2.g

[nems.initializers INFO] kw: fir.2x15

[nems.initializers INFO] kw: 1vl.1

[nems.initializers INFO] kw: dexp.l

[nems.initializers INFO] Setting modelspec[0] input to stim

[nems.utils INFO] model save destination: C:\Users\Alex\PycharmProjects\NEMS\results\289\
-.TARO10c\1d-sev.dlog-wc.18x2.g-fir.2x15-1vl.1-dexp.1.basic.2020-06-01T211002
[nems.xforms INFO] Evaluating: nems.xforms.fit_basic

[nems.xforms INFO] -------—-————————————~—~—— -~

(continues on next page)
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.xforms INFO] Fitting: fit 1/1, fold 1/1 (tol=1.00e-07, max_iter=3000)

'maxfun’': 30000}
0.4167 0.5833 ©0.3192 0.3192 0. o

(continues on next page)
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[nems.analysis.cost_functions INFO] #4200. E=0.843448
[nems.analysis.cost_functions INFO] #4300. E=0.843435
[nems.analysis.cost_functions INFO] #4400. E=0.843345
[nems.analysis.cost_functions INFO] #4500. E=0.843250
[nems.analysis.cost_functions INFO] #4600. E=0.843237
[nems.analysis.cost_functions INFO] #4700. E=0.843227
[nems.analysis.cost_functions INFO] #4800. E=0.843215
[nems.analysis.cost_functions INFO] #4900. E=0.843185
[nems.analysis.cost_functions INFO] #5000. E=0.843158
[nems.analysis.cost_functions INFO] #5100. E=0.843086
[nems.analysis.cost_functions INFO] #5200. E=0.843049
[nems.analysis.cost_functions INFO] #5300. E=0.843714
[nems.analysis.cost_functions INFO] #5400. E=0.843025
[nems.analysis.cost_functions INFO] #5500. E=0.842897
[nems.analysis.cost_functions INFO] #5600. E=0.842886
[nems.analysis.cost_functions INFO] #5700. E=0.842884
[nems.analysis.cost_functions INFO] #5800. E=0.842875
[nems.analysis.cost_functions INFO] #5900. E=0.842847
[nems.analysis.cost_functions INFO] #6000. E=0.842803
[nems.analysis.cost_functions INFO] #6100. E=0.842781
[nems.analysis.cost_functions INFO] #6200. E=0.842785
[nems.analysis.cost_functions INFO] #6300. E=0.842656
[nems.analysis.cost_functions INFO] #6400. E=0.842572
[nems.analysis.cost_functions INFO] #6500. E=0.842586
[nems.analysis.cost_functions INFO] #6600. E=0.842498
[nems.analysis.cost_functions INFO] #6700. E=0.842461
[nems.analysis.cost_functions INFO] #6800. E=0.842449
[nems.analysis.cost_functions INFO] #6900. E=0.842340
[nems.analysis.cost_functions INFO] #7000. E=0.842286
[nems.analysis.cost_functions INFO] #7100. E=0.842141
[nems.analysis.cost_functions INFO] #7200. E=0.842100
[nems.analysis.cost_functions INFO] #7300. E=0.842062
[nems.analysis.cost_functions INFO] #7400. E=0.842023
[nems.analysis.cost_functions INFO] #7500. E=0.842006
[nems.analysis.cost_functions INFO] #7600. E=0.841963
[nems.analysis.cost_functions INFO] #7700. E=0.841931
[nems.analysis.cost_functions INFO] #7800. E=0.841922
[nems.analysis.cost_functions INFO] #7900. E=0.841906
[nems.analysis.cost_functions INFO] #8000. E=0.841899
[nems.analysis.cost_functions INFO] #8100. E=0.841875
[nems.analysis.cost_functions INFO] #8200. E=0.841857
[nems.analysis.cost_functions INFO] #8300. E=0.841843
[nems.analysis.cost_functions INFO] #8400. E=0.841841
[nems.analysis.cost_functions INFO] #8500. E=0.841827
[nems.analysis.cost_functions INFO] #8600. E=0.841826
[nems.analysis.cost_functions INFO] #8700. E=0.841822
[nems.analysis.cost_functions INFO] #8800. E=0.841808
[nems.analysis.cost_functions INFO] #8900. E=0.841801
[nems.analysis.cost_functions INFO] #9000. E=0.841799
[nems.analysis.cost_functions INFO] #9100. E=0.841802
[nems.analysis.cost_functions INFO] #9200. E=0.841793
[nems.analysis.cost_functions INFO] #9300. E=0.841789
(continues on next page)
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[nems.xforms INFO] Done (re-)evaluating xforms.

(continued from previous page)
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7.2.6 Compact xforms

xforms can be used to compactly represent a whole workflow.

[1]: from pathlib import Path

import nems0.recording as recording
import nems0.uri
import nems0.xforms as xforms

[nems.configs.defaults INFO] Saving log messages to /tmp/nems\NEMS 2020-05-28 115742.log

Configuration

[2]: # get the data and results paths
results_dir = nems.get_setting('NEMS_RESULTS_DIR")
signals_dir = nems.get_setting('NEMS_RECORDINGS_DIR")

[3]: # download some demo data
recording.get_demo_recordings(signals_dir)
datafile = Path(signals_dir) / 'TAR0@10c-18-1.tgz'

Generate the Modelspec

[4]: modelkeywords = 'dlog-wc.18x2.g-fir.2x15-1vl.1-dexp.1"'
meta = {'cellids': ['TARO10c-18-1"'], 'batch': 271, 'modelname': modelkeywords}

[5]: xfspec = [['load_recordings', {'recording uri_list': [str(datafile)], 'meta':meta}],
['split_val_and_average_reps', {'epoch_regex': 'ASTIM_'}],
['init_from_keywords', {'keywordstring': modelkeywords}],
['fit_basic_init', {}],

['fit_basic', {}1,

['predict', {11,
['add_summary_statistics', {}],
['plot_summary', {}1]

Run the Analysis

[6]: ctx, log_xf = xforms.evaluate(xfspec)

[nems.xforms INFO] Evaluating: load_recordings

[nems.xforms INFO] Extracting cellid(s) None

[nems.preprocessing INFO] Adding to epoch_onsets: TRIAL with shift = 0
[nems.xforms INFO] Evaluating: split_val_and_average_reps

[nems.xforms INFO] Evaluating: init_from_keywords

[nems.initializers INFO] kw: dlog

[nems.initializers INFO] kw: wc.18x2.g

[nems.initializers INFO] kw: fir.2x15

[nems.initializers INFO] kw: 1vl.1

(continues on next page)
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error: 0.859019 -- Final error: 0.841786
[-1.2434e+00

rrirnrrimmmmrrJrr1mmmmrrimrr1mmmmmmmmmmmmmmmmmmmmmmmmmmmm

.842258

.842256
. 842224
. 842233
.842182
.842171
.842150
.842130
. 842094
. 842092
.842068
. 842045
. 842044
. 842022
.841997
.841969
.841965
. 842455
.841950
.841942
.841936
.841932
.841914
.841909
.841902
.841923
.841899
.841882
.841875
.841871
.841869
.841868
.841866
.841863
.841849
. 841845
.841836
.841826
.841936
.841805
.841802
.841799
.841798

.841788

1.0810e-01

2.8970e-01 -3.1360e-01 -8.2100e-02 -1.1800e-01
-5.9000e-03 4.3500e-02 -5.6500e-02 -4.0000e-04 4.1800e-02 -1.9500e-02
1.5700e-02 -3.6470e-01 -1.3670e-01
1.5700e-02 -6.9800e-02 -3.3800e-02 -3.2300e-02

3.1000e-02

2.7000e-01
3.5100e-02

(continued from previous page)

5.6900e-01 5.9780e-01.

(continues on next page)
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6.1000e-03 -4.4300e-02 -1.5700e-02 4.0000e-04 7.7000e-03 5.9200e-02

2.3537e+00
[nems.
[nems.
.xforms INFO] Evaluating: add_summary_statistics
.xforms INFO] Evaluating: plot_summary
.modelspec
.modelspec

[nems
[nems
[nems
[nems

1.1220e-01

8.8440e-01

7.8510e-01]

analysis.fit_basic INFO] Delta error: 0.859019 - 0.841786 = -1.723298e-02
xforms INFO] Evaluating: predict

—.data.

[nems
[nems
[nems
[nems
[nems
[nems
[nems

.modelspec
.modelspec
.modelspec
.modelspec
.modelspec
.modelspec
.modelspec

INFO] Quickplot: no epoch specified, falling back to "REFERENCE"
WARNING] Quickplot: no valid epochs matching REFERENCE. Will not subset..

INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]

bin range: 0-500

plotting
plotting
plotting
plotting
plotting
plotting

row
row
row
row
row
row

1/6
2/6
3/6
4/6
5/6
6/6

Quickplot: generated fig with title "Cell: UNKNOWN, Batch: 271,.
—None #0 dlog-wc.18x2.g-fir.2x15-1vl.1-dexp.1"

[nems.xforms INFO] Done (re-)evaluating xforms.
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Cell: UNKNOWN, Batch: 271, None #0
dlog-we.18x2.g-fir.2x15-Ivl.1-dexp.1
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7.2.7 xforms with Tensorflow

This notebook demonstrates the use of xforms for generating models that are easy to reload, using tensorflow as the fitter.
The process is very similar to normal workflows, except when specifying the fitter, fit_tf rather than fit_basic is
used.

[1]: import logging
from pathlib import Path

import nems®.db as db

import nems®.modelspec as ms

import nems®.recording as recording
import nems0.uri

import nems®.xforms as xforms

[nems.configs.defaults INFO] Saving log messages to /tmp/nems\NEMS 2020-05-28 133629.log

Configuration

[2]: # get the data and results paths
results_dir = nems.get_setting('NEMS_RESULTS_DIR")
signals_dir = nems.get_setting('NEMS_RECORDINGS_DIR")

[3]: # download some demo data
recording.get_demo_recordings(signals_dir)
datafile = Path(signals_dir) / 'TAR®10c-18-1.pkl’

Data Loading and Preprocessing

[4]: load_command = 'nems.demo.loaders.demo_loader'
expt_id = 'TARO10c'
batch = 271

cell_id = 'TARO10c-18-1'

[5]: modelspec_name = 'dlog-wc.18x1.g-fir.1x15-1vl.1-dexp.1"'

Generate the Modelspec

Each item in the xform spec is a call to a function along with the arguments for that function.

[6]: xfspec = []

[7]: # load from external format
xfspec.append([ 'nems.xforms.load_recording_wrapper',
{'load_command': load_command,
'exptid': expt_id,
'datafile': str(datafile)
D
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[8]:

[9]:

[10]:

[11]:

[12]:

[13]:

[14]:
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# split the data into est and val
xfspec.append([ 'nems.xforms.split_by_occurrence_counts',
{'epoch_regex': 'ASTIM_'}1)

xfspec.append([ 'nems.xforms.average_away_stim_occurrences', {}])

meta = {'cellid': cell_id, 'batch': batch, 'modelname': modelspec_name,
—expt_id}

xfspec.append([ 'nems.xforms.init_from_keywords',
{'keywordstring': modelspec_name,
'meta': meta

3D

# init, then fit
xfspec.append([ 'nems.tf.cnnlink.fit_tf init', {3}]1)
xfspec.append([ 'nems.tf.cnnlink.fit_tf', {}])

xfspec.append([ 'nems.xforms.predict', {}])

# test prediction then visualize

xfspec.append([ 'nems.analysis.api.standard_correlation', {3},
['est', 'val', 'modelspec', 'rec'], ['modelspec']l])

xfspec.append([ 'nems.xforms.plot_summary', {}])

Run the Analysis

ctx = {}
for xfa in xfspec:
ctx = xforms.evaluate_step(xfa, ctx)

[nems.xforms INFO] Evaluating: nems.xforms.load_recording_wrapper

'recording':.

[nems.xforms INFO] Loading cached file C:\Users\Alex\PycharmProjects\NEMS\recordings\

. TARO10c_afb264b3db970ec890e04c727e612clcbfaced62.tgz
[nems.xforms INFO] Evaluating: nems.xforms.split_by_occurrence_counts

[nems.xforms INFO] Evaluating: nems.xforms.average_away_stim_occurrences

[nems.xforms INFO] Evaluating: nems.xforms.init_from_keywords
[nems.initializers INFO] kw: dlog

[nems.initializers INFO] kw: wc.18xl.g

[nems.initializers INFO] kw: fir.1x15

[nems.initializers INFO] kw: 1vl.1

[nems.initializers INFO] kw: dexp.1

[nems.initializers INFO] Setting modelspec[0] input to stim
[nems.xforms INFO] Evaluating: nems.tf.cnnlink.fit_tf init

[nems.tf.cnnlink INFO] target_module: ['levelshift', 'relu'] found at modelspec[3].
[nems.tf.cnnlink INFO] Mod 3 (nems.modules.levelshift.levelshift) fixing level to resp.

—mean 0.207

[nems.tf.cnnlink INFO] resp has 1 channels
[nems.tf.cnnlink INFO] nems.modules.nonlinearity.dlog
nems.modules.weight_channels.gaussian

(continues on next page)
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(continued from previous page)

nems.modules. fir.basic

nems.modules.levelshift.levelshift

[nems.tf.cnnlink INFO] seed for this fit: 100

[nems.tf.cnnlink INFO] feat_dims: (90, 550, 18)

[nems.tf.cnnlink INFO] data_dims: (90, 550, 1)

[nems.tf.cnnlink INFO] rand seed for intialization: 100

[nems.modelspec INFO] Modelspec2tf: nems.modules.nonlinearity.dlog

[tensorflow WARNING] From C:\Users\Alex\Anaconda3\envs\nems-gpu\lib\site-packages\
—tensorflow\python\ops\resource_variable_ops.py:1666: calling BaseResourceVariable.__
—init__ (from tensorflow.python.ops.resource_variable_ops) with constraint is..
—.deprecated and will be removed in a future version.

Instructions for updating:

If using Keras pass *_constraint arguments to layers.

[nems.modelspec INFO] Modelspec2tf: nems.modules.weight_channels.gaussian
[nems.modelspec INFO] Modelspec2tf: nems.modules.fir.basic

[nems.modelspec INFO] Modelspec2tf: nems.modules.levelshift.levelshift

[nems.tf.cnn INFO] Initializing net: setting output, loss, optimizer, globals, tf session
[nems.tf.cnn INFO] Training with batch_size=90, LR=0.01, max_iter=2000, early_stopping_
—,steps=5, early_stopping_tolerance=0.0005, optimizer=Adam.

[nems.tf.cnn INFO] Initial loss=0.7398484

[nems.tf.cnn INFO] 0000 loss=0.772475, delta=+0.000000

[nems.tf.cnn INFO] 0030 loss=0.632428, delta=-0.140048

[nems.tf.cnn INFO] 0060 loss=0.611400, delta=-0.021027

[nems.tf.cnn INFO] 0090 loss=0.607508, delta=-0.003892

[nems.tf.cnn INFO] 0120 loss=0.605566, delta=-0.001942

[nems.tf.cnn INFO] 0150 loss=0.604670, delta=-0.000896

[nems.tf.cnn INFO] 0180 loss=0.604249, delta=-0.000421

[nems.tf.cnn INFO] 0210 loss=0.604018, delta=-0.000231

[nems.tf.cnn INFO] 0240 loss=0.603880, delta=-0.000137

[nems.tf.cnn INFO] 0270 loss=0.603795, delta=-0.000085

[nems.tf.cnn INFO] 0300 loss=0.603741, delta=-0.000055

[nems.tf.cnn INFO] 5 epochs without significant improvement, stopping early!
[tensorflow INFO] Restoring parameters from C:\Users\Alex\PycharmProjects\NEMS\results\
—271\TARQ10c-18-1\TARO10c.dlog_wc.18x1.g_fir.1x15_1vl.1_dexp.1l.unknown_fitter.2020-05-
—,28T203635\seed100-model . ckpt

[nems.tf.cnnlink INFO] tf2modelspec: nems.modules.nonlinearity.dlog

[nems.tf.cnnlink INFO] tf2modelspec: nems.modules.weight_channels.gaussian
[nems.tf.cnnlink INFO] tf2modelspec: nems.modules.fir.basic

[nems.tf.cnnlink INFO] tf2modelspec: nems.modules.levelshift.levelshift
[nems.tf.cnnlink INFO] starting eval_tf. evaluate nems model

[nems.tf.cnnlink INFO] saving nems pred

[nems.tf.cnnlink INFO] generating TF input matrix

[nems.tf.cnnlink INFO] feat_dims: [1, 49500, 18]

[nems.tf.cnnlink INFO] data_dims: [1, 49500, 1]

[nems.modelspec INFO] Modelspec2tf: nems.modules.nonlinearity.dlog

[nems.modelspec INFO] Modelspec2tf: nems.modules.weight_channels.gaussian
[nems.modelspec INFO] Modelspec2tf: nems.modules.fir.basic

[nems.modelspec INFO] Modelspec2tf: nems.modules.levelshift.levelshift

[nems.tf.cnn INFO] Initializing net: setting output, loss, optimizer, globals, tf session
[nems.tf.cnnlink INFO] Mean difference between NEMS and TF model pred: 5.000445e-08
[nems.initializers INFO] Found module 4 (double_exponential) for subset prefit
[nems.initializers INFO] Fit: [4]

(continues on next page)
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[nems.initializers INFO] Freeze: [0 1 2 3]

[nems.initializers INFO] Exclude: []

[nems.initializers INFO] Freezing phi for module ® (nems.modules.nonlinearity.dlog)
[nems.initializers INFO] Freezing phi for module 1 (nems.modules.weight_channels.
—,gaussian)

[nems.initializers INFO] Freezing phi for module 2 (nems.modules.fir.basic)
[nems.initializers INFO] Freezing phi for module 3 (nems.modules.levelshift.levelshift)
[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 700, 'maxfun': 7000}

[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
.xforms INFO] Evaluating: nems.tf.cnnlink.fit_tf

[nems

[nems.
[nems.
[nems.
[nems.
.modelspec INFO] Modelspec2tf: nems.modules.nonlinearity.dlog
.modelspec INFO] Modelspec2tf: nems.modules.weight_channels.gaussian
.modelspec INFO] Modelspec2tf: nems.modules.fir.basic

.modelspec INFO] Modelspec2tf: nems.modules.levelshift.levelshift
[nems.
[nems.
[nems.

[nems
[nems
[nems
[nems

fitters.fitter INFO] Start sigma: [0.6736 0. 1.3346 0.2074]
analysis.cost_functions INFO] Eval #100. E=0.863631

fitters.fitter INFO] Starting error: 0.909876 -- Final error: 0.863109
fitters.fitter INFO] Final sigma: [2.6557 0.0885 0.7428 0.8146]
analysis.fit_basic INFO] Delta error: 0.909876 - 0.863109 = -4.676691e-02
tf.cnnlink INFO] finished fit_tf_init, fit_idx=1/1

tf.cnnlink INFO] seed for this fit: 50
tf.cnnlink INFO] feat_dims: (90, 550, 18)
tf.cnnlink INFO] data_dims: (90, 550, 1)
tf.cnnlink INFO] rand seed for intialization: 50

modelspec INFO] Modelspec2tf: nems.modules.nonlinearity.double_exponential
tf.cnn INFO] Initializing net: setting output, loss, optimizer, globals, tf session
tf.cnn INFO] Training with batch_size=90, LR=0.01, max_iter=1000, early_stopping_

—steps=5, early_stopping_tolerance=0.0005, optimizer=Adam.

[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

tf.cnn INFO] Initial loss=0.5732868

tf.cnn INFO] 0000 loss=0.642390, delta=+0.000000
tf.cnn INFO] 0030 loss=0.569176, delta=-0.073214
tf.cnn INFO] 0060 loss=0.567734, delta=-0.001442
tf.cnn INFO] 0090 loss=0.566385, delta=-0.001349
tf.cnn INFO] 0120 loss=0.565158, delta=-0.001227
tf.cnn INFO] 0150 loss=0.564020, delta=-0.001138
tf.cnn INFO] 0180 loss=0.562967, delta=-0.001053
tf.cnn INFO] 0210 loss=0.562005, delta=-0.000962
tf.cnn INFO] 0240 loss=0.561137, delta=-0.000869
tf.cnn INFO] 0270 loss=0.560357, delta=-0.000780
tf.cnn INFO] 0300 loss=0.559658, delta=-0.000698
tf.cnn INFO] 0330 loss=0.559031, delta=-0.000627
tf.cnn INFO] 0360 loss=0.558464, delta=-0.000567
tf.cnn INFO] 0390 loss=0.557945, delta=-0.000519
tf.cnn INFO] 0420 1loss=0.690692, delta=+0.132747
tf.cnn INFO] 0450 loss=0.568217, delta=+0.010271
tf.cnn INFO] 0480 loss=0.559294, delta=+0.001349
tf.cnn INFO] 0510 loss=0.558653, delta=+0.000708
tf.cnn INFO] 0540 loss=0.558198, delta=+0.000253
tf.cnn INFO] 0570 loss=0.557808, delta=-0.000137
tf.cnn INFO] 0600 loss=0.557458, delta=-0.000350

(continues on next page)
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[nems.tf.cnn INFO] 0630 loss=0.557137, delta=-0.000321

[nems.tf.cnn INFO] 0660 loss=0.556841, delta=-0.000296

[nems.tf.cnn INFO] 5 epochs without significant improvement, stopping early!
[tensorflow INFO] Restoring parameters from C:\Users\Alex\PycharmProjects\NEMS\results\
-»271\TAR0O10c-18-1\TARO10c.dlog_wc.18x1.g_fir.1x15_1vl.1_dexp.1.unknown_fitter.2020-05-
-»28T203635\seed50-model . ckpt

[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.
[nems
[nems
[nems
[nems
[nems
[nems.
[nems.
[nems
[nems
[nems
[nems
[nems

tf.cnnlink INFO] tf2modelspec:
tf.cnnlink INFO] tf2modelspec:
tf.cnnlink INFO] tf2modelspec:
tf.cnnlink INFO] tf2modelspec:
tf.cnnlink INFO] tf2modelspec:

tf.cnnlink INFO] starting eva
tf.cnnlink INFO] saving nems

tf.cnnlink INFO] generating T
tf.cnnlink INFO] feat_dims: [
tf.cnnlink INFO] data_dims: [

.modelspec INFO] Modelspec2tf:
.modelspec INFO] Modelspec2tf:
.modelspec INFO] Modelspec2tf:
.modelspec INFO] Modelspec2tf:
.modelspec INFO] Modelspec2tf:

tf.cnn INFO] Initializing net

nems .modules.nonlinearity.dlog
nems.modules.weight_channels.gaussian
nems.modules. fir.basic
nems.modules.levelshift.levelshift
nems.modules.nonlinearity.double_exponential
1_tf. evaluate nems model

pred

F input matrix

1, 49500, 18]

1, 49500, 1]

nems.modules.nonlinearity.dlog

nems .modules.weight_channels.gaussian
nems.modules. fir.basic
nems.modules.levelshift.levelshift
nems.modules.nonlinearity.double_exponential
: setting output, loss, optimizer, globals, tf session

tf.cnnlink INFO] Mean difference between NEMS and TF model pred: 9.119456e-08

.xforms INFO] Evaluating: nems.
.xforms INFO] Evaluating: nems.
.xforms INFO] Evaluating: nems.
.modelspec INFO] Quickplot: no
.modelspec WARNING] Quickplot:

—.data.

[nems.
[nems
[nems
[nems
[nems
[nems
[nems

modelspec INFO] plotting row

.modelspec INFO] plotting row
.modelspec INFO] plotting row
.modelspec INFO] plotting row
.modelspec INFO] plotting row
.modelspec INFO] plotting row
.modelspec INFO] Quickplot: generated fig with title "Cell: TAR®10c-18-1, Batch:.

xforms.predict

analysis.api.standard_correlation
xforms.plot_summary

epoch specified, falling back to "REFERENCE"

no valid epochs matching REFERENCE. Will not subset..

1/6
2/6
3/6
4/6
5/6
6/6

-.271, None #0 dlog-wc.18x1.g-fir.1x15-1vl.1-dexp.1"

bin range: 0-500
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7.2.8 Population Models

This notebook demonstrates how to work with population models. See xforms Demo for details on xforms.

from pathlib import Path

import nems®.uri
import nems0.xforms as xforms
import nems0.recording as recording

[nems.configs.defaults INFO] Saving log messages to /tmp/nems\NEMS 2020-05-29 110208.log

Configuration

# get the data and results paths
results_dir = nems.get_setting('NEMS_RESULTS_DIR")
signals_dir = nems.get_setting('NEMS_RECORDINGS_DIR")

# download some demo data
recording.get_demo_recordings(signals_dir, 'TARO10c.NAT.fs100.tgz")
datafile = Path(signals_dir) / 'TARO10c.NAT.fs100.tgz'

Data Loading and Preprocessing

load_command = 'nems.demo.loaders.demo_loader'
exptid = 'TARO10c'
batch = 271

siteid = 'TARO10c'

In pop models, you can specify a variable number of outputs using R, and the model will determine the proper number
of output channels.

modelspec_name = 'dlog-wc.18x3.g-fir.1x10x3-relu.3-wc.3xR-1v1.R'

Generate the Modelspec

meta = {'siteid': siteid, 'batch': batch, 'modelname': modelspec_name,
'recording': exptid}

xforms_init_context = {'siteid': siteid, 'batch': int(batch)}
xforms_init_context['keywordstring'] = modelspec_name
xforms_init_context['meta'] = meta
xforms_init_context['recording uri_list'] = [str(datafile)]

xfspec = []

xfspec.append([ 'nems.xforms.init_context', xforms_init_context])
xfspec.append([ 'nems.xforms.load_recordings', {}])
xfspec.append([ 'nems.preprocessing.resp_to_pc',

(continues on next page)
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{'pc_source': 'psth', 'overwrite_resp': False,
'pc_count': 23}])
xfspec.append([ 'nems.xforms.split_by_occurrence_counts',
{'epoch_regex': 'ASTIM_'}])
xfspec.append([ 'nems.xforms.average_away_stim_occurrences', {}])

xfspec.append([ 'nems.xforms.init_from_keywords', {}1)

xfspec.append([ 'nems.analysis.fit_pop_model.init_pop_pca', {'flip_pcs': True}])

xfspec.append([ 'nems.analysis.fit_pop_model.fit_population_iteratively',
{'fitter': 'scipy_minimize', 'tolerances': [le-4, 3e-5],
'tol_iter': 50, 'fit_iter': 103}]1)

xfspec.append([ 'nems.xforms.predict', {}])

xfspec.append([ 'nems.analysis.api.standard_correlation', {},
['est', 'val', 'modelspec', 'rec'], ['modelspec']l])

xfspec.append([ 'nems.xforms.plot_summary', {}]1)

Run the Analysis

ctx = {}
for xfa in xfspec:
ctx = xforms.evaluate_step(xfa, ctx)

[nems.xforms INFO] Evaluating: nems.xforms.init_context

[nems.xforms INFO] Evaluating: nems.xforms.load_recordings

[nems.xforms INFO] Extracting cellid(s) None

[nems.preprocessing INFO] Adding to epoch_onsets: TRIAL with shift = 0

[nems.xforms INFO] Evaluating: nems.preprocessing.resp_to_pc

[nems.preprocessing INFO] generating PSTHs for 93 epochs

[nems.xforms INFO] Evaluating: nems.xforms.split_by_occurrence_counts

[nems.xforms INFO] Evaluating: nems.xforms.average_away_stim_occurrences

[nems.xforms INFO] Evaluating: nems.xforms.init_from_keywords

[nems.initializers INFO] kw: dlog

[nems.initializers INFO] kw: wc.18x3.g

[nems.initializers INFO] kw: fir.1x10x3

[nems.initializers INFO] kw: relu.3

[nems.initializers INFO] kw: dynamically subbing wc.3xR with wc.3x55
[nems.initializers INFO] kw: dynamically subbing lvl.R with 1v1.55

[nems.initializers INFO] Setting modelspec[0] input to stim

[nems.utils INFO] model save destination: C:\Users\Alex\PycharmProjects\NEMS\results\271\
-.TARO10c\TARO10c.dlog_wc.18x3.g_fir.1x10x3_relu.3_wc.3x55_1vl.55.unknown_fitter.2020-05-
-,29T180229

[nems.xforms INFO] Evaluating: nems.analysis.fit_pop_model.init_pop_pca
[nems.analysis.fit_pop_model INFO] Initializing 3 subspace channels with signal pca
[nems.analysis.fit_pop_model INFO] Initializing filter 0

[nems.analysis.fit_pop_model INFO] Temporarily converting relu to 1lvl
[nems.initializers INFO] prefit_LN parameters: tol=1.00e-04 max_iter=700
[nems.initializers INFO] target_module: ['levelshift', 'relu'] found at modelspec[3].
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initializers INFO] Mod 3 (nems.modules.levelshift.levelshift) initializing level.

—»to resp mean -0.000

[nems.
[nems
[nems.
[nems.
[nems.
[nems.
[nems
[nems.
[nems.
— 0.
0.

initializers INFO] resp has 1 channels

.initializers INFO] Fit: [0 1 2 3]

initializers INFO] Freeze: []
initializers INFO] Exclude: []
analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=0
fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 700, 'maxfun': 7000}
fitters.fitter INFO] Start sigma: [ 0. 0.5 0.3192 0. 0.1 -0.05 .
0. 0.
0. 0. 0. 0. 1

nems.modules.nonlinearity.dlog
nems.modules.weight_channels.gaussian
nems.modules. fir.filter_bank
nems.modules.nonlinearity.relu

[nems.
[nems
[nems.
[nems
[nems.
[nems.

analysis.cost_functions INFO] Eval #100. E=0.712659

.analysis.cost_functions INFO] Eval #200. E=0.669269

analysis.cost_functions INFO] Eval #300. E=0.658241

.analysis.cost_functions INFO] Eval #400. E=0.656082

fitters.fitter INFO] Starting error: 0.980655 -- Final error: 0.655754
fitters.fitter INFO] Final sigma: [-0.667 0.2013 0.0837 0.0357 0.484 0.2673.

—-0.0306 -0.0555 0.0311
0.0262 0.0095 -0.0446 -0.1568 -0.5761]

[nems
[nems.
[nems.
[nems
[nems.
[nems

.analysis.fit_basic INFO] Delta error: 0.980655 - 0.655754 = -3.249008e-01

analysis.fit_pop_model INFO] Initializing filter 1
analysis.fit_pop_model INFO] Temporarily converting relu to 1lvl

.initializers INFO] prefit_LN parameters: tol=1.00e-04 max_iter=700

initializers INFO] target_module: ['levelshift', 'relu'] found at modelspec[3].

.initializers INFO] Mod 3 (nems.modules.levelshift.levelshift) initializing level.

—»to resp mean 0.000

[nems.
[nems
[nems.
[nems
[nems.
[nems.
[nems
[nems
[nems.
[nems.
- 0.
0.

initializers INFO] resp has 1 channels

.initializers INFO] Fit: [0 1 2 3]

initializers INFO] Freeze: []

.initializers INFO] Exclude: []

initializers INFO] Intializing phi for module 0 (nems.modules.nonlinearity.dlog)
analysis.fit_basic INFO] Data len pre-mask: 49500

.analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=1
fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 700, 'maxfun': 7000}
fitters.fitter INFO] Start sigma: [ 0.5 0.3192 0. 0.1 -0.05 0. o
0. 0.
0. 0. 0. ]

nems.modules.nonlinearity.dlog
nems.modules.weight_channels.gaussian
nems.modules. fir. filter_bank
nems.modules.nonlinearity.relu

[nems.
[nems.

analysis.cost_functions INFO] Eval #100. E=0.951017
analysis.cost_functions INFO] Eval #200. E=0.942893
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[nems.fitters.fitter INFO] Starting error: 0.996649 -- Final error: 0.942228
[nems.fitters.fitter INFO] Final sigma: [ 0.2898 0.3081 -0.2259 0.2664 0.7422 0.1107.
—-0.2714 -0.2229 -0.0619

0.0158 -0.0107 -0.3364 -0.0068]
[nems.analysis.fit_basic INFO] Delta error: 0.996649 - 0.942228 = -5.442093e-02
[nems.analysis.fit_pop_model INFO] First fit per cell slice 0
[nems.modelspec INFO] Freezing fast rec at start=4
[nems.analysis.fit_basic INFO] Data len pre-mask: 49500
[nems.analysis.fit_basic INFO] Data len post-mask: 49500
[nems.modelspec INFO] Freezing fast rec at start=4
[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.284894 -- Final error: 0.983365
[nems.fitters.fitter INFO] Final sigma: [ 0.0778 -0.0463 -0.0861 0.2073]
[nems.analysis.fit_basic INFO] Delta error: 1.284894 - 0.983365 -3.015288e-01
[nems.analysis.fit_pop_model INFO] dError (1.284894 - 0.983365) = 0.301529 better..
—updating modelspec
[nems.analysis.fit_pop_model INFO] First fit per cell slice 1
[nems.modelspec INFO] Freezing fast rec at start=4
[nems.analysis.fit_basic INFO] Data len pre-mask: 49500
[nems.analysis.fit_basic INFO] Data len post-mask: 49500
[nems.modelspec INFO] Freezing fast rec at start=4
[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.277084 -- Final error: 0.984109
[nems.fitters.fitter INFO] Final sigma: [-0.0151 -0.1297 0.1121 0.2522]
[nems.analysis.fit_basic INFO] Delta error: 1.277084 - 0.984109 -2.929751e-01
[nems.analysis.fit_pop_model INFO] dError (1.277084 - 0.984109) = 0.292975 better..
—updating modelspec
[nems.analysis.fit_pop_model INFO] First fit per cell slice 2
[nems.modelspec INFO] Freezing fast rec at start=4
[nems.analysis.fit_basic INFO] Data len pre-mask: 49500
[nems.analysis.fit_basic INFO] Data len post-mask: 49500
[nems.modelspec INFO] Freezing fast rec at start=4
[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.058381 -- Final error: 0.950449
[nems.fitters.fitter INFO] Final sigma: [-0.0014 -0.179 -0.0695 0.123 ]
[nems.analysis.fit_basic INFO] Delta error: 1.058381 - 0.950449 -1.079321e-01
[nems.analysis.fit_pop_model INFO] dError (1.058381 - 0.950449) = 0.107932 better..
—updating modelspec
[nems.analysis.fit_pop_model INFO] First fit per cell slice 3
[nems.modelspec INFO] Freezing fast rec at start=4
[nems.analysis.fit_basic INFO] Data len pre-mask: 49500
[nems.analysis.fit_basic INFO] Data len post-mask: 49500
[nems.modelspec INFO] Freezing fast rec at start=4
[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.151333 -- Final error: 0.989516
[nems.fitters.fitter INFO] Final sigma: [ 0.0049 -0.1168 -0.0459 0.1738]
[nems.analysis.fit_basic INFO] Delta error: 1.151333 - 0.989516 = -1.618172e-01
[nems.analysis.fit_pop_model INFO] dError (1.151333 - 0.989516) = 0.161817 better..
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—updating modelspec

[nems.
[nems
[nems
[nems.
[nems
[nems.
[nems.
[nems
[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 4

.modelspec INFO] Freezing fast rec at start=4
.analysis.fit_basic INFO] Data len pre-mask: 49500

analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

.fitters.fitter INFO] Starting error: 1.257892 -- Final error: 0.987482

fitters.fitter INFO] Final sigma: [0.1183 0.0815 0.0301 0.2336]
analysis.fit_basic INFO] Delta error: 1.257892 - 0.987482 = -2.704107e-01
analysis.fit_pop_model INFO] dError (1.257892 - 0©.987482) = 0.270411 better..

—updating modelspec

[nems
[nems
[nems.
[nems
[nems
[nems
[nems.
[nems.
[nems
[nems.
[nems

.analysis.fit_pop_model INFO] First fit per cell slice 5
.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500

.analysis.fit_basic INFO] Data len post-mask: 49500
.modelspec INFO] Freezing fast rec at start=4
.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}

fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
fitters.fitter INFO] Starting error: 0.987304 -- Final error: 0.924000

.fitters.fitter INFO] Final sigma: [ 0.0233 0.031 0.1557 -0.0154]

analysis.fit_basic INFO] Delta error: 0.987304 - 0.924000 = -6.330425e-02

.analysis.fit_pop_model INFO] dError (0.987304 - 0.924000) = 0.063304 better..

—updating modelspec

[nems.
[nems
[nems.
[nems
[nems
[nems.
[nems
[nems.
[nems
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 6

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500

.analysis.fit_basic INFO] Data len post-mask: 49500
.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}

.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.007985 -- Final error: 0.997718

.fitters.fitter INFO] Final sigma: [-0.0038 0.0121 -0.0021 0.0104]

analysis.fit_basic INFO] Delta error: 1.007985 - 0.997718 -1.026720e-02
analysis.fit_pop_model INFO] dError (1.007985 - 0.997718) = 0.010267 better..

—updating modelspec

[nems.
[nems
[nems.
[nems.
[nems
[nems.
[nems
[nems.
[nems.
[nems
[nems.

.analysis.fit_basic INFO] Delta error: 1.041001 - 0.928216

analysis.fit_pop_model INFO] First fit per cell slice 7

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}

.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.041001 -- Final error: 0.928216
fitters.fitter INFO] Final sigma: [ 0.0713 -0.0705 0.1094 0.0574]
-1.127850e-01
analysis.fit_pop_model INFO] dError (1.041001 - 0.928216) = 0.112785 better..

—updating modelspec

[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 8
modelspec INFO] Freezing fast rec at start=4
analysis.fit_basic INFO] Data len pre-mask: 49500
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[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.130405 -- Final error: 0.991147
[nems.fitters.fitter INFO] Final sigma: [-0.0441 0.0199 -0.0115 0.1272]
[nems.analysis.fit_basic INFO] Delta error: 1.130405 - 0.991147 -1.392573e-01
[nems.analysis.fit_pop_model INFO] dError (1.130405 - 0.991147) = 0.139257 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 9

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.001071 -- Final error: 0.999170
[nems.fitters.fitter INFO] Final sigma: [0.006 0.0067 0.0009 0.0032]
[nems.analysis.fit_basic INFO] Delta error: 1.001071 - 0.999170 -1.901079e-03
[nems.analysis.fit_pop_model INFO] dError (1.001071 - 0.999170) = 0.001901 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 10

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.045822 -- Final error: 0.997954
[nems.fitters.fitter INFO] Final sigma: [ 0.0234 0.0206 -0.047 0.0537]
[nems.analysis.fit_basic INFO] Delta error: 1.045822 - 0.997954 -4.786759e-02
[nems.analysis.fit_pop_model INFO] dError (1.045822 - 0.997954) = 0.047868 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 11

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.125231 -- Final error: 0.861313
[nems.fitters.fitter INFO] Final sigma: [0.2095 0.038 0.5105 0.0875]
[nems.analysis.fit_basic INFO] Delta error: 1.125231 - 0.861313 = -2.639181e-01
[nems.analysis.fit_pop_model INFO] dError (1.125231 - 0.861313) = 0.263918 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 12

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
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[nems
[nems
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.fitters.fitter INFO] Starting error: 1.105703 -- Final error: 0.981622
.fitters.fitter INFO] Final sigma: [-0.0547 0.0251 0.0092 0.0959]
.analysis.fit_basic INFO] Delta error: 1.105703 - 0.981622 = -1.240813e-01
.analysis.fit_pop_model INFO] dError (1.105703 - 0.981622) = 0.124081 better..

—updating modelspec

[nems.

[nems

[nems.
[nems.

[nems

[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 13

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500

analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.066535 -- Final error: 0.992339
fitters.fitter INFO] Final sigma: [-0.0574 -0.0665 0.0645 0.1106]
analysis.fit_basic INFO] Delta error: 1.066535 - 0.992339 -7.419592e-02
analysis.fit_pop_model INFO] dError (1.066535 - 0.992339) = 0.074196 better..

—updating modelspec

[nems.

[nems

[nems.
[nems.

[nems

[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 14

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500

analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.186533 -- Final error: 0.994538
fitters.fitter INFO] Final sigma: [0.0351 0.1061 0.0114 0.0959]
analysis.fit_basic INFO] Delta error: 1.186533 - 0.994538 = -1.919947e-01
analysis.fit_pop_model INFO] dError (1.186533 - 0©.994538) = 0.191995 better..

—updating modelspec

[nems
[nems

[nems.
[nems.

[nems

[nems

.analysis.fit_pop_model INFO] First fit per cell slice 15

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4
[nems.
[nems.
[nems.
.fitters.fitter INFO] Final sigma: [-0.0317 -0.1505 0.0394 0.1633]
[nems.
[nems.

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
fitters.fitter INFO] Starting error: 1.103009 -- Final error: 0.985531

analysis.fit_basic INFO] Delta error: 1.103009 - 0.985531 -1.174780e-01
analysis.fit_pop_model INFO] dError (1.103009 - 0.985531) = 0.117478 better..

—updating modelspec

[nems.

[nems

[nems.
[nems.

[nems

analysis.fit_pop_model INFO] First fit per cell slice 16

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.002330 -- Final error: 0.816602
fitters.fitter INFO] Final sigma: [ 0.197 0.1181 0.0992 -0.0674]
analysis.fit_basic INFO] Delta error: 1.002330 - 0.816602 = -1.857272e-01
analysis.fit_pop_model INFO] dError (1.002330 - 0.816602) = 0.185727 better..
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—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 17

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 0.997558 -- Final error: 0.960821
[nems.fitters.fitter INFO] Final sigma: [-0.0013 0.0087 0.1143 0.0063]
[nems.analysis.fit_basic INFO] Delta error: 0.997558 - 0.960821 -3.673676e-02
[nems.analysis.fit_pop_model INFO] dError (0.997558 - 0.960821) = 0.036737 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 18

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.02 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 0.972626 -- Final error: 0.931741
[nems.fitters.fitter INFO] Final sigma: [ 0.0306 0.0383 0.1137 -0.0207]
[nems.analysis.fit_basic INFO] Delta error: 0.972626 - 0.931741 = -4.088504e-02
[nems.analysis.fit_pop_model INFO] dError (0.972626 - 0.931741) = 0.040885 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 19

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.096171 -- Final error: 0.994021
[nems.fitters.fitter INFO] Final sigma: [0.0012 0.0913 0.047 0.0713]
[nems.analysis.fit_basic INFO] Delta error: 1.096171 - 0.994021 -1.021502e-01
[nems.analysis.fit_pop_model INFO] dError (1.096171 - 0.994021) = 0.102150 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 20

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.026909 -- Final error: 0.991092
[nems.fitters.fitter INFO] Final sigma: [ 0.0336 0.0067 -0.0408 0.0256]
[nems.analysis.fit_basic INFO] Delta error: 1.026909 - 0.991092 -3.581709e-02
[nems.analysis.fit_pop_model INFO] dError (1.026909 - 0.991092) = 0.035817 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 21

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

(continues on next page)

54 Chapter 7. NEMS Demos



NEMS Documentation, Release 0.0.1.betal

[nems.

[nems
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analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.187242 -- Final error: 0.812726
fitters.fitter INFO] Final sigma: [ 0.4104 -0.0304 -0.2033 0.1381]
analysis.fit_basic INFO] Delta error: 1.187242 - 0.812726 -3.745158e-01
analysis.fit_pop_model INFO] dError (1.187242 - 0.812726) = 0.374516 better..

—updating modelspec

[nems.

[nems

[nems.
[nems.

[nems

[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 22

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.102179 -- Final error: 0.922992
fitters.fitter INFO] Final sigma: [ 0.2759 -0.0739 -0.2502 0.1414]
analysis.fit_basic INFO] Delta error: 1.102179 - 0.922992 -1.791877e-01
analysis.fit_pop_model INFO] dError (1.102179 - 0.922992) = 0.179188 better...

—updating modelspec

[nems.

[nems

[nems

[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 23

.modelspec INFO] Freezing fast rec at start=4
[nems.
[nems.

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.078214 -- Final error: 0.998243
fitters.fitter INFO] Final sigma: [-0.0159 -0.0368 -0.02 0.0867]
analysis.fit_basic INFO] Delta error: 1.078214 - 0.998243 -7.997129e-02
analysis.fit_pop_model INFO] dError (1.078214 - 0.998243) = 0.079971 better..

—updating modelspec

[nems.

[nems

[nems

[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 24

.modelspec INFO] Freezing fast rec at start=4
[nems.
[nems.
.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.195243 -- Final error: 0.842074
fitters.fitter INFO] Final sigma: [ 0.3014 -0.0489 -0.1256 0.1362]
analysis.fit_basic INFO] Delta error: 1.195243 - 0.842074 = -3.531685e-01
analysis.fit_pop_model INFO] dError (1.195243 - 0.842074) = 0.353169 better..

—updating modelspec

[nems.

[nems

[nems.
[nems.
.modelspec INFO] Freezing fast rec at start=4
[nems.
[nems.

[nems

analysis.fit_pop_model INFO] First fit per cell slice 25

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
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[nems.fitters.fitter INFO] Starting error: 1.297773 -- Final error: 0.878276
[nems.fitters.fitter INFO] Final sigma: [ 0.2786 -0.0785 -0.0987 0.2252]
[nems.analysis.fit_basic INFO] Delta error: 1.297773 - 0.878276 = -4.194975e-01
[nems.analysis.fit_pop_model INFO] dError (1.297773 - 0.878276) = 0.419498 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 26

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.036105 -- Final error: 0.952383
[nems.fitters.fitter INFO] Final sigma: [-0.1053 -0.3241 0.0517 0.202 ]
[nems.analysis.fit_basic INFO] Delta error: 1.036105 - 0.952383 -8.372220e-02
[nems.analysis.fit_pop_model INFO] dError (1.036105 - 0.952383) = 0.083722 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 27

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.120841 -- Final error: 0.837025
[nems.fitters.fitter INFO] Final sigma: [ 0.3676 -0.0199 -0.1431 0.0885]
[nems.analysis.fit_basic INFO] Delta error: 1.120841 - 0.837025 -2.838167e-01
[nems.analysis.fit_pop_model INFO] dError (1.120841 - 0.837025) = 0.283817 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 28

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.114096 -- Final error: 0.982741
[nems.fitters.fitter INFO] Final sigma: [-0.0295 0.0697 -0.0025 0.0811]
[nems.analysis.fit_basic INFO] Delta error: 1.114096 - 0.982741 -1.313553e-01
[nems.analysis.fit_pop_model INFO] dError (1.114096 - 0.982741) = 0.131355 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 29

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.273867 -- Final error: 0.926619
[nems.fitters.fitter INFO] Final sigma: [-0.0286 -0.3118 0.4023 0.3823]
[nems.analysis.fit_basic INFO] Delta error: 1.273867 - 0.926619 = -3.472472e-01
[nems.analysis.fit_pop_model INFO] dError (1.273867 - 0.926619) = 0.347247 better..
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—updating modelspec

[nems.
[nems
[nems
[nems.
[nems
[nems.
[nems.
[nems
[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 30

.modelspec INFO] Freezing fast rec at start=4
.analysis.fit_basic INFO] Data len pre-mask: 49500

analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

.fitters.fitter INFO] Starting error: 1.266347 -- Final error: 0.898777

fitters.fitter INFO] Final sigma: [ 0.0096 -0.0543 0.7136 0.2823]
analysis.fit_basic INFO] Delta error: 1.266347 - 0.898777 -3.675700e-01
analysis.fit_pop_model INFO] dError (1.266347 - 0.898777) = 0.367570 better..

—updating modelspec

[nems
[nems
[nems.
[nems
[nems
[nems
[nems.
[nems.
[nems
[nems.
[nems

.analysis.fit_pop_model INFO] First fit per cell slice 31
.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500

.analysis.fit_basic INFO] Data len post-mask: 49500
.modelspec INFO] Freezing fast rec at start=4
.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}

fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
fitters.fitter INFO] Starting error: 1.203096 -- Final error: 0.976289

.fitters.fitter INFO] Final sigma: [ 0.0153 -0.2081 -0.079 0.2609]

analysis.fit_basic INFO] Delta error: 1.203096 - 0.976289 = -2.268067e-01

.analysis.fit_pop_model INFO] dError (1.203096 - 0.976289) = 0.226807 better..

—updating modelspec

[nems.
[nems
[nems.
[nems
[nems
[nems.
[nems
[nems.
[nems
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 32

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500

.analysis.fit_basic INFO] Data len post-mask: 49500
.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}

.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.156710 -- Final error: 0.991069

.fitters.fitter INFO] Final sigma: [-0.0346 0.0517 -0.0403 0.1598]

analysis.fit_basic INFO] Delta error: 1.156710 - 0.991069 -1.656403e-01
analysis.fit_pop_model INFO] dError (1.156710 - 0.991069) = 0.165640 better..

—updating modelspec

[nems.
[nems
[nems.
[nems.
[nems
[nems.
[nems
[nems.
[nems.
[nems
[nems.

.analysis.fit_basic INFO] Delta error: 1.209480 - 0.923442

analysis.fit_pop_model INFO] First fit per cell slice 33

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}

.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.209480 -- Final error: 0.923442
fitters.fitter INFO] Final sigma: [-0.1985 -0.4426 0.5016 0.442 ]
-2.860377e-01
analysis.fit_pop_model INFO] dError (1.209480 - 0.923442) = 0.286038 better..

—updating modelspec

[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 34
modelspec INFO] Freezing fast rec at start=4
analysis.fit_basic INFO] Data len pre-mask: 49500
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[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.072762 -- Final error: 0.994146
[nems.fitters.fitter INFO] Final sigma: [-0.0103 -0.0475 -0.0963 0.1133]
[nems.analysis.fit_basic INFO] Delta error: 1.072762 - 0.994146 -7.861596e-02
[nems.analysis.fit_pop_model INFO] dError (1.072762 - 0.994146) = 0.078616 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 35

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.195693 -- Final error: 0.996956
[nems.fitters.fitter INFO] Final sigma: [-0.0494 -0.0574 0.0023 0.2044]
[nems.analysis.fit_basic INFO] Delta error: 1.195693 - 0.996956 -1.987371e-01
[nems.analysis.fit_pop_model INFO] dError (1.195693 - 0.996956) = 0.198737 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 36

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.02 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.104946 -- Final error: 0.997872
[nems.fitters.fitter INFO] Final sigma: [-0.0202 0.01 0.0421 0.0979]
[nems.analysis.fit_basic INFO] Delta error: 1.104946 - 0.997872 -1.070742e-01
[nems.analysis.fit_pop_model INFO] dError (1.104946 - 0.997872) = 0.107074 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 37

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.260380 -- Final error: 0.996878
[nems.fitters.fitter INFO] Final sigma: [ 0.011 -0.0613 0.0075 0.2414]
[nems.analysis.fit_basic INFO] Delta error: 1.260380 - 0.996878 = -2.635017e-01
[nems.analysis.fit_pop_model INFO] dError (1.260380 - 0.996878) = 0.263502 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 38

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
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[nems
[nems
[nems
[nems
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.fitters.fitter INFO] Starting error: 1.272398 -- Final error: 0.893899
.fitters.fitter INFO] Final sigma: [ 0.142 -0.5605 -0.4438 0.5261]
.analysis.fit_basic INFO] Delta error: 1.272398 - 0.893899 = -3.784993e-01
.analysis.fit_pop_model INFO] dError (1.272398 - 0.893899) = 0.378499 better..

—updating modelspec

[nems.

[nems

[nems.
[nems.

[nems

[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 39

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500

analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.122774 -- Final error: 0.991352
fitters.fitter INFO] Final sigma: [ 0.008 -0.0758 -0.0681 0.1247]
analysis.fit_basic INFO] Delta error: 1.122774 - 0.991352 -1.314221e-01
analysis.fit_pop_model INFO] dError (1.122774 - 0.991352) = 0.131422 better..

—updating modelspec

[nems.

[nems

[nems.
[nems.

[nems

[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 40

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500

analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.069692 -- Final error: 0.959891
fitters.fitter INFO] Final sigma: [ 0.0955 -0.0733 -0.1244 0.0938]
analysis.fit_basic INFO] Delta error: 1.069692 - 0.959891 -1.098009e-01
analysis.fit_pop_model INFO] dError (1.069692 - 0.959891) = 0.109801 better..

—updating modelspec

[nems
[nems

[nems.
[nems.

[nems

[nems

.analysis.fit_pop_model INFO] First fit per cell slice 41

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4
[nems.
[nems.
[nems.
.fitters.fitter INFO] Final sigma: [-0.0478 -0.2805 0.0454 0.4858]
[nems.
[nems.

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
fitters.fitter INFO] Starting error: 1.430951 -- Final error: 0.982976

analysis.fit_basic INFO] Delta error: 1.430951 - 0.982976 -4.479742e-01
analysis.fit_pop_model INFO] dError (1.430951 - 0.982976) = 0.447974 better..

—updating modelspec

[nems.

[nems

[nems.
[nems.

[nems

analysis.fit_pop_model INFO] First fit per cell slice 42

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.041183 -- Final error: 0.999454
fitters.fitter INFO] Final sigma: [-0.0019 0.0002 -0.0146 0.043 ]
analysis.fit_basic INFO] Delta error: 1.041183 - 0.999454 = -4.172933e-02
analysis.fit_pop_model INFO] dError (1.041183 - 0.999454) = 0.041729 better..
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—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 43

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.139926 -- Final error: 0.994667
[nems.fitters.fitter INFO] Final sigma: [-0.0062 -0.0559 -0.1149 0.174 ]
[nems.analysis.fit_basic INFO] Delta error: 1.139926 - 0.994667 -1.452588e-01
[nems.analysis.fit_pop_model INFO] dError (1.139926 - 0.994667) = 0.145259 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 44

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.046366 -- Final error: 0.992965
[nems.fitters.fitter INFO] Final sigma: [-0.0112 0.0368 -0.0004 0.0363]
[nems.analysis.fit_basic INFO] Delta error: 1.046366 - 0.992965 = -5.340067e-02
[nems.analysis.fit_pop_model INFO] dError (1.046366 - 0.992965) = 0.053401 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 45

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.051786 -- Final error: 0.975561
[nems.fitters.fitter INFO] Final sigma: [-0.019 0.0792 -0.0022 0.0302]
[nems.analysis.fit_basic INFO] Delta error: 1.051786 - 0.975561 -7.622565e-02
[nems.analysis.fit_pop_model INFO] dError (1.051786 - 0.975561) = 0.076226 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 46

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
[nems.fitters.fitter INFO] Starting error: 1.353430 -- Final error: 0.940298
[nems.fitters.fitter INFO] Final sigma: [ 0.1096 -0.2392 -0.0425 0.3526]
[nems.analysis.fit_basic INFO] Delta error: 1.353430 - 0.940298 -4.131323e-01
[nems.analysis.fit_pop_model INFO] dError (1.353430 - 0.940298) = 0.413132 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 47

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500
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analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4
[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.101927 -- Final error: 0.993961
fitters.fitter INFO] Final sigma: [ 0.0183 -0.0793 -0.0713 0.1476]
analysis.fit_basic INFO] Delta error: 1.101927 - 0.993961 -1.079656e-01
analysis.fit_pop_model INFO] dError (1.101927 - 0.993961) = 0.107966 better..

—updating modelspec

[nems.

[nems

[nems.
[nems.

[nems

[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 48

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.034616 -- Final error: 0.989324
fitters.fitter INFO] Final sigma: [-0.0113 -0.0809 -0.0635 0.0777]
analysis.fit_basic INFO] Delta error: 1.034616 - 0.989324 -4.529218e-02
analysis.fit_pop_model INFO] dError (1.034616 - 0.989324) = 0.045292 better..

—updating modelspec

[nems.

[nems

[nems

[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 49

.modelspec INFO] Freezing fast rec at start=4
[nems.
[nems.

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

.modelspec INFO] Freezing fast rec at start=4

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.100129 -- Final error: 0.992791
fitters.fitter INFO] Final sigma: [-0.0408 -0.1212 -0.0708 0.1733]
analysis.fit_basic INFO] Delta error: 1.100129 - 0.992791 = -1.073383e-01
analysis.fit_pop_model INFO] dError (1.100129 - 0.992791) = 0.107338 better..

—updating modelspec

[nems.

[nems

[nems

[nems.
[nems.
[nems.
[nems.
[nems.
[nems.

analysis.fit_pop_model INFO] First fit per cell slice 50

.modelspec INFO] Freezing fast rec at start=4
[nems.
[nems.
.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

fitters.fitter INFO] Starting error: 1.039243 -- Final error: 0.981521
fitters.fitter INFO] Final sigma: [-0.0218 0.0464 0.0049 0.031 ]
analysis.fit_basic INFO] Delta error: 1.039243 - 0.981521 = -5.772140e-02
analysis.fit_pop_model INFO] dError (1.039243 - 0.981521) = 0.057721 better..

—updating modelspec

[nems.

[nems

[nems.
[nems.
.modelspec INFO] Freezing fast rec at start=4
[nems.
[nems.

[nems

analysis.fit_pop_model INFO] First fit per cell slice 51

.modelspec INFO] Freezing fast rec at start=4

analysis.fit_basic INFO] Data len pre-mask: 49500
analysis.fit_basic INFO] Data len post-mask: 49500

fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]
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[nems.fitters.fitter INFO] Starting error: 1.038851 -- Final error: 0.974957
[nems.fitters.fitter INFO] Final sigma: [-0.0055 -0.1576 -0.0764 0.1156]
[nems.analysis.fit_basic INFO] Delta error: 1.038851 - 0.974957 = -6.389404e-02
[nems.analysis.fit_pop_model INFO] dError (1.038851 - 0.974957) = 0.063894 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 52

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

[nems.fitters.fitter INFO] Starting error: 1.025991 -- Final error: 0.971429
[nems.fitters.fitter INFO] Final sigma: [ 0.0662 -0.0475 -0.0631 0.0495]
[nems.analysis.fit_basic INFO] Delta error: 1.025991 - 0.971429 -5.456158e-02
[nems.analysis.fit_pop_model INFO] dError (1.025991 - 0.971429) = 0.054562 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 53

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.01 0. ]

[nems.fitters.fitter INFO] Starting error: 1.091154 -- Final error: 0.998200
[nems.fitters.fitter INFO] Final sigma: [ 0.002 0.0061 -0.0493 0.0931]
[nems.analysis.fit_basic INFO] Delta error: 1.091154 - 0.998200 -9.295371e-02
[nems.analysis.fit_pop_model INFO] dError (1.091154 - 0.998200) = 0.092954 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] First fit per cell slice 54

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.analysis.fit_basic INFO] Data len pre-mask: 49500

[nems.analysis.fit_basic INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 20, 'maxfun': 200}
[nems.fitters.fitter INFO] Start sigma: [0.01 0.01 0.02 0. ]

[nems.fitters.fitter INFO] Starting error: 1.149997 -- Final error: 0.974867
[nems.fitters.fitter INFO] Final sigma: [-0.0814 -0.1524 0.2264 0.2199]
[nems.analysis.fit_basic INFO] Delta error: 1.149997 - 0.974867 -1.751306e-01
[nems.analysis.fit_pop_model INFO] dError (1.149997 - 0.974867) = 0.175131 better..
—updating modelspec

[nems.xforms INFO] Evaluating: nems.analysis.fit_pop_model.fit_population_iteratively
[nems.analysis.fit_pop_model INFO] Data len pre-mask: 49500
[nems.analysis.fit_pop_model INFO] Data len post-mask: 49500

[nems.modelspec INFO] Freezing fast rec at start=0

[nems.analysis.fit_pop_model INFO] Fitting subsets with tol: 1.00E-04 fit_iter 10 tol_
—iter 50

[nems.analysis.fit_pop_model INFO] (0) Tol 1.00e-04: Loop 0/50 (max)
[nems.analysis.fit_pop_model INFO] nems.modules.nonlinearity.dlog: fitting
[nems.analysis.fit_pop_model INFO] nems.modules.weight_channels.gaussian: fitting
[nems.analysis.fit_pop_model INFO] nems.modules.fir.filter_bank: fitting
[nems.analysis.fit_pop_model INFO] nems.modules.nonlinearity.relu: fitting
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[nems.analysis.fit_pop_model INFO] nems.modules.weight_channels.basic: frozen
[nems.analysis.fit_pop_model INFO] nems.modules.levelshift.levelshift: frozen
[nems.analysis.fit_pop_model INFO] Updating dim 1/3

nems.modules.nonlinearity.dlog
nems.modules.weight_channels.gaussian
nems.modules. fir. filter_bank
nems.modules.nonlinearity.relu

[nems.modelspec INFO] Freezing fast rec at start=0
[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 10, 'maxfun': 100}
[nems.fitters.fitter INFO] Start sigma: [-0.667 0.2013 0.0837 0.0357 0.484 0.2673..
—-0.0306 -0.0555 0.0311

0.0262 0.0095 -0.0446 -0.1568 0.5761]
[nems.fitters.fitter INFO] Starting error: 0.876768 -- Final error: 0.876471
[nems.fitters.fitter INFO] Final sigma: [-0.6655 0.1613 0.0883 0.0317 0.4811 0.2674.
—-0.0279 -0.0523 0.0333

0.0268 0.0091 -0.0457 -0.1584 0.577 ]
[nems.analysis.fit_basic INFO] Delta error: 0.876768 - 0.876471 = -2.969923e-04
[nems.analysis.fit_pop_model INFO] Updating dim 2/3

nems.modules.nonlinearity.dlog
nems.modules.weight_channels.gaussian
nems.modules. fir.filter_bank
nems.modules.nonlinearity.relu

[nems.modelspec INFO] Freezing fast rec at start=1

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 10, 'maxfun': 100}
[nems.fitters.fitter INFO] Start sigma: [ 0.2013 0.0837 -0.0357 -0.484 -0.2673 0.0306..
— 0.0555 -0.0311 -0.0262

-0.0095 0.0446 0.1568 -0.5761]

[nems.fitters.fitter INFO] Starting error: 0.876470 -- Final error: 0.875554
[nems.fitters.fitter INFO] Final sigma: [ 0.1874 0.1226 0.0021 -0.4559 -0.2484 0.0324.
— 0.0425 -0.0536 -0.0572

-0.0494 -0.0068 0.099 -0.6237]

[nems.analysis.fit_basic INFO] Delta error: 0.876470 - 0.875554 = -9.168420e-04
[nems.analysis.fit_pop_model INFO] Updating dim 3/3

nems.modules.nonlinearity.dlog
nems.modules.weight_channels.gaussian
nems.modules. fir. filter_bank
nems.modules.nonlinearity.relu

[nems.modelspec INFO] Freezing fast rec at start=1
[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 10, 'maxfun': 100}
[nems.fitters.fitter INFO] Start sigma: [ 0.2898 0.3081 -0.2259 0.2664 0.7422 0.1107.
—-0.2714 -0.2229 -0.0619

0.0158 -0.0107 -0.3364 0.0068]
[nems.fitters.fitter INFO] Starting error: 0.875554 -- Final error: 0.875501
[nems.fitters.fitter INFO] Final sigma: [ 0.2926 0.3091 -0.2221 0.2687 0.7415 0.1078.
—-0.2734 -0.2245 -0.0632

0.0155 -0.0095 -0.334 0.0062]
[nems.analysis.fit_basic INFO] Delta error: 0.875554 - 0.875501 = -5.261637e-05
[nems.analysis.fit_pop_model INFO] Slice ® set [4, 5]
[nems.modelspec INFO] Freezing fast rec at start=4
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[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 10, 'maxfun': 100}
[nems.fitters.fitter INFO] Start sigma: [ 0.0778 -0.0463 -0.0861 0.2073]
[nems.fitters.fitter INFO] Starting error: 0.982323 -- Final error: 0.982259
[nems.fitters.fitter INFO] Final sigma: [ 0.0793 -0.0489 -0.0846 0.2107]
[nems.analysis.fit_basic INFO] Delta error: 0.982323 - 0.982259 -6.423129e-05
[nems.analysis.fit_pop_model INFO] dError (0.982323 - 0.982259) = 0.000064 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] Slice 1 set [4, 5]

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 10, 'maxfun': 100}
[nems.fitters.fitter INFO] Start sigma: [-0.0151 -0.1297 0.1121 0.2522]
[nems.fitters.fitter INFO] Starting error: 0.983421 -- Final error: 0.983395
[nems.fitters.fitter INFO] Final sigma: [-0.0161 -0.1287 0.1099 0.2542]
[nems.analysis.fit_basic INFO] Delta error: 0.983421 - 0.983395 -2.618857e-05
[nems.analysis.fit_pop_model INFO] dError (0.983421 - 0.983395) = 0.000026 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] Slice 2 set [4, 5]

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 10, 'maxfun': 100}
[nems.fitters.fitter INFO] Start sigma: [-0.0014 -0.179 -0.0695 0.123 ]
[nems.fitters.fitter INFO] Starting error: 0.948637 -- Final error: 0.948616
[nems.fitters.fitter INFO] Final sigma: [-0.003 -0.1764 -0.0692 0.1254]
[nems.analysis.fit_basic INFO] Delta error: 0.948637 - 0.948616 -2.060522e-05
[nems.analysis.fit_pop_model INFO] dError (0.948637 - 0.948616) = 0.000021 better...
—updating modelspec

[nems.analysis.fit_pop_model INFO] Slice 3 set [4, 5]

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 10, 'maxfun': 100}
[nems.fitters.fitter INFO] Start sigma: [ 0.0049 -0.1168 -0.0459 0.1738]
[nems.fitters.fitter INFO] Starting error: 0.984954 -- Final error: 0.984476
[nems.fitters.fitter INFO] Final sigma: [-0.0056 -0.1444 -0.0408 0.1861]
[nems.analysis.fit_basic INFO] Delta error: 0.984954 - 0.984476 = -4.775967e-04
[nems.analysis.fit_pop_model INFO] dError (0.984954 - 0.984476) = 0.000478 better..
—updating modelspec

[nems.analysis.fit_pop_model INFO] Slice 4 set [4, 5]

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.modelspec INFO] Freezing fast rec at start=4

[nems.fitters.fitter INFO] options {'ftol': 0.0001, 'maxiter': 10, 'maxfun': 100}
[nems.fitters.fitter INFO] Start sigma: [0.1183 0.0815 0.0301 0.2336]
[nems.fitters.fitter INFO] Starting error: 0.986501 -- Final error: 0.985910
[nems.fitters.fitter INFO] Final sigma: [0.151 0.1154 0.0056 0.2147]
[nems.analysis.fit_basic INFO] Delta error: 0.986501 - 0.985910 = -5.915318e-04
[nems.analysis.fit_pop_model INFO] dError (0.986501 - 0.985910) 0.000592 better..,
—updating modelspec

[nems.analysis.fit_pop_model INFO] Slice 5 set [4, 5]

[nems.modelspec INFO] Freez