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1. INTRODUCTION

DZnmf is a MATLAB-based graphical user interface (GUI) designed to implement non-negative matrix
factorization (NMF) of detrital geochronology data following methods outlined in Saylor et al. (in review,
EPSL). The program can be run either in MATLAB, or as a stand-alone GUI with Windows or macOS.

2. SETUP

DZnmf version 1.0 requires installation of the MATLAB Compiler Runtime (MCR) version R2018a 9.4. This
compiler allows the DZnmf GUI to run on the user’s computer without having MATLAB.

Download the MCR for Windows here:

https://ssd.mathworks.com/supportfiles/downloads/R2018b/deployment_files/R2018b/installers/win64/
MCR_R2018b_win64_installer.exe

Download the MCR for macOS here:

https://ssd.mathworks.com/supportfiles/downloads/R2018b/deployment_files/R2018b/installers/maci64/
MCR_R2018b_maci64_installer.dmg.zip

Select all the default settings and install (this takes some time, usually about 15 minutes). The MCR will
create a new directory on the user’s machine that will be accessed in the background when the GUI is
running; it will not interact with any existing versions of MATLAB or other versions of the MCR on the
user’s machine.

The DZnmf GUI does not require any installation other than the MCR compiler. Once the MCR is
installed, download the DZnmf GUI and example data sets from the Supplemental Material in Saylor et
al. (2019), or at these websites:

https://github.com/kurtsundell/DZnmf
https://www.kurtsundell.com/downloads/

The GUI file can be saved to any location on the user’s computer. As long as the default settings
were selected for the MCR it will be accessible by the DZnmf GUI. Occasionally there is an error in
the MCR installation, which will throw the error message in Figure 1.

Error X

Could not find version 9.4 of the MATLAB Runtime.
!_ Attempting to load mclmerrt9_4.dll.
Please install the correct version of the MATLAB Runtime.
Contact your vendor if you do not have an installer for the MATLAB
Runtime.

Figure 1. Error message generated when the GUI cannot access the MATLAB Runtime compiler (MCR). Note
this shows an error for version 9.4; This version of DZnmf (1.0) requires version 9.5 MATLAB 2018b.



If the error message in Figure 1 or a similar error message is thrown, it means the DZnmf GUI cannot
find and/or access the MCR. If this happens there are two possible solutions to troubleshoot: (1) restart
the machine and try again, or (2) reinstall the MCR (the MCR may need to be completely removed and
directory deleted before reinstalling rather than simply overwriting). If these options do not work please
contact one of the first two authors.

Upon opening the DZnmf GUI there will be two blank listboxes and two blank plots (Figure 2). All of the
program functionality (i.e., analysis, plotting, exporting, etc.) is contained within this single main page.
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Figure 2. DZnmf GUI main page.
3. DATA INPUT

The input data needs to be set up so each sample has two separate columns with one column mean age
and the other column the uncertainty; note each column must have headers (names) at the top of each
sample (Figure 3). There is no limit to the number of samples that can be loaded, other than visualizing
all of the distributions at the same time and limits of the computer’s memory. Even if KDEs are used,
each sample in the input data needs to have two columns: age and uncertainty (or kernel bandwidth).
Example input can be accessed by pressing the Example Input pushbutton (Figure 3).
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TExample_Data_Set \il (=] Ié/

Example data set for DZnmf (.xls, .xlsx, .csv, etc.)

Tapeats 1 1 Sigma Tapeats 2 1 Sigma Lower Bri... 1 Sigma Bright Angel 1 Sigma Upper B =
1.4533e+03 51.5808 1.6778e+03 44.0351 1.7048e+03 10.0811 1.6625e+03 16.1040 8470 =
1.0062e+03 71.8513 1.6667e+03 32.1235 1.7548e+03 23.8771 1.7737e+03 13.7090 1.4597:
1.4882e+03 341113 1.7203e+03 47.8193 1.7149e+03 374208 1.7121e+03 18.9746 2.6513:
1.7284e+03 43.5099 1.4425e+03 45.4682 1.4542e+03 12.0389 1.6643e+03 11.9878 1.0213:
1.4796e+03 447515 1.2037e+03 541104 1.7623e+03 12.8853 1.4599e+03 21.0886 1.8665
1.5646e+03 20.9944 1.4474e+03 23.5206 1.7662e+03 24 0167 1.4317e+03 21.4444 1.7107¢
1.7236e+03 51.2609 1.6495e+03 42.6159 1.7416e+03 11.6051 1.6534e+03 15.2937 1.709%
1.7047e+03 344400 1.7522e+03 35.8784 1.6994e+03 243069 1.6797e+03 31.9132 1.65644
1.6705e+03 20.3519 1.7702e+03 40.0112 1.7047e+03 23.7010 1.4361e+03 20.1066 1.6866:
1.4689e+03 20,9015 1.7811e+03 441040 1.7030e+03 25.3982 1.7407e+03 11.2514 1.6232:
1.4605e+03 221070 1.4364e+03 34.9916 1.7745e+03 22,6951 1.0689e+03 454663 1.7080¢
1.6976e+03 29.5131 1.7702e+03 35.9224 1.4396e+03 28.3054 1.7372e+03 16.4005 2.4301¢
1.7056e+03 442260 2.6846e+03 29.1123 1.7855e+03 8.9534 1.4214e+03 84.8952 1.7222
1.6951e+03 39.4544 1.7501e+03 57.1565 1.7500e+03 16.5948 1.7295e+03 14.8904 1.711%
1.6628e+03 259542 1.4593e+03 33.1659 1.9299e+03 17.6446 1.7387e+03 216220 1.0373
1.7965e+03 40.7765 1.6525e+03 48.7125 1.7715e+03 26.3039 1.6442e+03 13.9680 1.6405¢
1.8643e+03 21.6660 1.7643e+03 40.3932 1.7133e+03 22.9485 1.7394e+03 294541 1.6816¢ -
< 1] 3

Data from Gehrels, G. E_, Blakey, R., Karlstrom, K. E_, Timmons, J. M., Dickinson, B.. & Pecha, M. (2011).
Detrital zircon U-Pb aeochronologv of Paleozoic strata in the Grand Canvon. Arizona. Lithosphere, 3(3). 183-200.

Figure 3. Example input data can be shown by pressing the Example Input pushbutton (upper). Example
detrital data from the Grand Canyon used in the examples below from Gehrels et al. (2011). Note that
the macOS version must be either .xls or .xIsx file format.

To load data press the Load Data pushbutton and selecting the uncertainty level (1o or 20) (Figure 4).
Windows can upload .csv, .xls, or ..xIsx file formats, macOS must be either .xls or .xlsx file format. Once
the data are loaded the left listbox (Loaded Samples) will be populated with the sample names (Figure
5). The sample names must include letters.
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Figure 4. Loading data and selecting the uncertainty level.
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Figure 5. Data files can be loaded one at a time. The Loaded Samples listbox shows the data sample
names (left). Multiple files can be uploaded one at a time, the figure on the right shows a second input
appended to the existing Grand Canyon data.

4. AGE DISTRIBUTIONS

The next step is to specify how the distributions will be made. There are options to make probability
density plots (PDPs) or kernel density estimates (KDEs) (Figure 6). This needs to be specified before
activating the samples. Once samples are activated these options will be grayed out to ensure all
distributions are generated the same way.
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Figure 6. Options to use probability density plots (PDPs, left) or kernel density estimates (KDEs, right)
before activating samples and running NMF.

5. ACTIVATING, MERGING, AND DEACTIVATING SAMPLES

Next, select the samples from the Loaded Samples listbox and press the Activate pushbutton.

Alternatively, all samples may be activated by pressing the Activate All pushbutton (Figure 6).
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Figure 7. Activate samples by selecting the loaded samples and pressing activate.

The user has the option to merge (combine) data sets (Figure 8). When samples are merged their
sample names will be horizontally concatenated (Figure 8). This is the same as combining ages and
uncertainties into a single age distribution. The new merged distribution will be added to the Active Sink
Samples plot on the bottom. Note the plotted distributions are always plotted in the same order as the
Active Samples listbox (Figure 8).
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Figure 8. Merging samples. Left: Select samples to merge. Right: Merged sample is added to the Active
Sink Samples plot, which is always in the same order as the Active Samples listbox.
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Active samples may be removed by highlighting individual sample names and pressing the Deactivate
pushbutton (Figure 9). The user also has the option to Deactivate All. This will clear the Active Sink
Samples plot and return all of the samples to the Loaded Samples listbox in their original order, and the
distribution options (Figure 6) will be made available.
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Figure 9. Left: Example of deactivating selected samples by highlighting and pressing the Deactivate
pushbutton. Right: Sample names are returned to the bottom of the Loaded Samples listbox and the
distributions are removed from the Active Sink Samples plot.

6. STOPPING CRITERIA

The default stopping criteria is set to 10,000 iterations, 1E-8 final residual, and 2E-16 incremental
improvement (Figure 10). These parameters are suitable for most applications to detrital
geochronology, and will rarely need to be changed. However, the user has the option to change these
parameters and to reset to default parameters (Figure 10).
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Figure 10. Stopping criteria.



7. RUN NMF!

Once the data are loaded and samples are activated the NMF may be run. The default setting is a
specified number source samples to reconstruct (factorize) from the active sink samples. The user has

the option to select how many sources to factorize (Figure 10). Press the RUN NMF! pushbutton to run
NMF.
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Figure 11. Factorization of five sources. Upper: Select five sources to from Number of sources panel and
push Run NMF! pushbutton. Lower: Five factorized sources

Instead of specifying the number of sources to factorize, an alternative approach is to specify the
maximum number of sources (N), and determine the optimal number of sources to factorize. Here, the
program will individually factorize to 2 through N sources, and plot the optimal number of sources based
on calculating the final residual between input and reconstructed sink samples over the range of ranks

(2 to N); see section 3.2 of Saylor et al. (in review, EPSL) for a detailed description. The user has the
option to cancel the run (Figure 12).
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Figure 12. Check box for determining optimal number of sources. Edit text box specifies the maximum
number of sources to factorize.
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Figure 13. Six factorized sources determined through optimization routine.
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Figure 14. Plots generated for determining the optimal number of sources to factorize. Left: Segmented

linear regression plot. The break in slope is the optimal number of sources. Right: Summed sum of
squared residuals. The nadir is the optimal number of sources.

8. EXPORT PLOTS

All plots may be exported by pressing the Export Plots pushbutton. These figures pop up in new
windows and may be saved as vector images to be modified in a drafting program such as Adobe

Illustrator. To save a figure as a vector image select file = Save as (Figure 15). Choose either .eps or .emf

format (Figure 15).
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E Save As @
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-, Documents
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I Program Files (x86) 5/17/2018 2:26 PM File folder
& Homegroup |
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& OK Computer _ _
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Save as type: [MATLAB Figure (*.fig)

MATLAB Figure (*fig)
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Figure 15. Upper: Select Save As and choose .eps format (lower) to save as a vector image. Alternatively,
.emf or .tif will save vector images that can be easily modified in a drafting program such as Adobe
lustrator.

9. EXPORT RESULTS

To export the NMF results press the Export Results pushbutton. This will prompt a browser window for
the user to name the file and select its destination (Figure 16). Results will be saved as a .xIs file (Figure
17). If the optimization routine was used, all results from 2 to the maximum number of specified sources
will be saved in individual sheets.
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Figure 16. Upper: Save results by pressing Export NMF Results pushbutton. Lower: Browser window to
name the results and specify the file location.
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4 1 0 3.39E-15 0 0 2.11E-15 Likeness  0.827353 = 0.04787 Weights S¢ 0.046873  0.048

5 2 0 3.5E-15 0 0 2.4E-15 Kuiper V V. 0.081432 + 0.0273 Weights S¢ 0.721897 0.7518
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Figure 17. Example export saved as .xls file. Specifying the number of sources saves results into a single
sheet (red arrow). If the optimization routine is used then results for each factorization (e.g., 2, 3, 4
sources) will be saved into separate sheets within the same file.
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10. NONUNIQUE SOLUTIONS

The NMF model may result in nonunique solutions. This typically happens if there are a large number of
sources, distributions may be factorized into individual components of those distributions (typically due
to sediment recycling), or if the active samples are very similar. Hence we recommend that once the
optimal number of sources is found, the user rerun NMF at that rank. In this case, if the NMF model
does not converge on a solution within the specific number of iterations it will ask the user if they would
like to repeat the calculation starting from a different random starting point in order to find the best
solution.
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