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1. Introduction

NN-Tool consists of a simulator for creating neural network models and of an application
module for interpreting the created models (prediction and optimization respectively).

After provision of data the models can be created very quickly, because NN-Tool takes over
independently the scaling transformations as well as the identification of complete data sets,
which are necessary for neural nets (NN). The created NNs are of the standard type
(feedforward net with one hiddenlayer), which has been proved to be optimal in all practically
relevant task requirements®. After creating a model, the user has the possibility to execute
evaluation- and optimization calculations on the basis of the created model. The application
consists of the three main steps:

e Data preprocessing

e Network training

¢ Net evaluation for prediction and optimization purposes

In this handbook, the use of NN-Tool is discussed on the basis of three examples. The
corresponding example data are to be found in the Excel files TEST.xls, CLASS6.xls,
DataRec_Demo.xlsx and ZEIT.xls which are stored in the folder “Documents\NN-Tool”.
The folder will be created during the first start of NN-Tool.

! Recently these experimental results have been underpinned also theoretically by the work of Barron. However, as training algorithm not
backpropagation is used, but due to performance reasons an algorithm is used, which is described in detail in the following publications:
Bérmann, Biegler-Konig: On a Class of Efficient Learning Algorithms for Neural Networks, Neural Networks 5 (1992) pp. 139-144

Martino, Fanelli, Protasi: Computational Experiences of New Direct Methods for the On-line Training of MLP-Networks with Binary
Outputs

ICANN 93 - Sorrento, pp. 627-630
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2. Installation

Please note the instructions on the enclosed supplement.

Insert the installation CD and start the program "Setup.exe". Follow the instructions of the
installation program.

In case of installation problems please consult the last pages of the manual or look in
installation errors in NN-Tool Help.

Very Important: Before using NN-Tool please make sure that your number format in the
system control / Regional and Language Options / is using the decimal separator which
belongs to the respective area schema, i.e. in case of area schema German the decimal
comma, in case of area schema English (Great Britain) and English (USA) the decimal
point. These settings are standard settings with Windows installations! Without these
settings NN-Tool cannot and will not run correctly! By the way this applies to a lot of
applications in the technological sector. If you are forced to use an alternative decimal
separator, you should always switch your operating system to the corresponding regional
and language schema.

Now please start NN-Tool. The following window might appear (NN-Tool main window,
German user interface):

gz NN-Tool 2024 - O X

Datei Ansicht Extras Online-Anwendungen  Fenster  Hilfe

Sk ©9G

NN-Tool might start in German language mode. Don’t Panic!
Choose Extras / Optionen and select “Englisch” for “Sprache”
(language), then press “Save” and “Exit”.
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3. Data Preprocessing

NN-Tool requires that the data are in a file with the extension pat (for pattern). Each record
has to be in one line, different parameters have to be separated by semicolon. The first record
consists of the parameter names. As decimal separator you have to use as a standard the
decimal separator which belongs to the respective regional schema (windows standard).

Basically NN-Tool provides two different options to import data
or to create a correct data file (Patfile):

e Direct access to an Excel folder: instead of loading a Pat-file NN-Tool initially loads an
Excel-Application, the user selects a worksheet (with several sheets in the Excel folder)
and NN-Tool creates and imports the corresponding data file.

e Loading a .csv-file: The so-called .csv-format (character separated values) is a widely
used file format for data sheets. .csv-files can be created from a large variety of
applications (e.g. Excel, Access, etc.).

The methods are introduced in the following. It is assumed that we have got the data in an
Excel-Sheet:

1. Direct access to an Excel folder

The simplest method to produce a correct data file is to load the data into an Excel
spreadsheet at first. For this you can use the Excel mechanisms for data import. Following
that NN-Tool allows you to directly access the sheet and generate the corresponding NN-Tool
file.

Now start Excel and open the file Test.xls in the folder “Documents\NN-Tool”. If you can’t
find that folder, please copy the folder “NN-Tool” from the NN-Tool installation directory.
The path of the installation directory can be found under “Extras* / “Options*.

The Excel file looks as follows:
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TESTXLS [Kompatibilititsmodus] - Excel Frank Baermann 52 — O

Einfiigen Seitenlayout ~ Formeln Daten Uberprifen ~ Ansicht  Entwicklertools ~ Add-Ins ~ Team ) Sie wiinst ,QrFreigeben

X Al o A K|==E%- = Standard - [i3 Bedingte Formatierung - &= Einfiigen ~ X - 57 -

By - ¢ - 9% oo [P AlsTabelle formatieren~ X Loschen ~ [¥]~ O~

y |FKU-[H-[O-A-===e&3= Tl [Z4 Zellenformatvorlagen - [&1 Format - -
Zwischenablage T Schriftart I Ausrichtung I Zahl I Formatvorlagen Zellen Bearbeiten ~
B2 - Jx -

A I I € D E F G H | J -
1 | Versuchsnr Komp1 Komp2 Komp3 Komp4 Komp5 Komp6 Eig1 Eig2
2 1 | 769 49 7.76 3.06 1472 32899 -30.58
3 2 2048 2288 28 10.04 6.3 123 -37115 -11.7
4 3 4533 2999 0.34 1215 8 42 13491 21.768
5 4 3643 21.72 2993 5.76 6.15 0 -106.4 14.268
6 5 68.46 6.56 123 16.13 294 468 41262 13.6
7 6 0.06 26.31 2.29 217 127 -7859 -34.72
8 7 4566 8.88 7.23 1892 475 1456 188.35 -2.447
9 8 4154 2398 18.48 0.31 7.63 8.06 441.49 -23.35
10 9 2571 2987 16.13 20 7.4 0.9 28407
11 10 64.05 20.51 9.37 0.19 4.33 155 1032.8 -4.262
12 11 3945 55 246 19.15 2.06 924  -521 -0.268
13 12 77.32 0.23 2.34 1.96 3.27 1487 -52.17 -41.07
14 13 2554 1011 2951 16.54 6.53 11.77 -627.1 6.9436
ST C.i.: —_— -~ -~ —_——— _....‘ PR PR . m "

Bereit {9 7 H L 1 + 100%

The file TEST.xIs describes a recipe property task. Two physical properties (Eigl and Eig2)
have been measured on 500 recipes, each consisting of 6 components (from Kompl to
Komp6). Additionally, a serial test number (“Versuchsnr”) has been assigned as first
parameter.

On the basis of this example the application of NN-Tool is explained in the following.

NN-Tool handles an application (i.e. a neural network with all included items: data, weights
etc.) under an application name. All assigned files get the application name as file name.
The only difference between them is their extension. At the beginning of an application only
the data file <application name>.pat has to exist or it must be generated from Excel or
another application (Access, MatLab...).

As you can see in column Komp1, the data is partially incomplete. NN-Tool is able to process
incomplete records appropriately, provided that the corresponding values are really empty
and do not contain blanks or tabulators, etc. NN-Tool interprets blanks and all other non-
numerical values as so-called classifiers. Therefore, these are not permitted to appear in
numerical parameters (if necessary, remove them with an editor). Classifiers are parameters,
which exactly take one value (instance) from a finite choice, e.g. the classifier "surface
imperfection" with the instances "none", "scratches"”, "scores”, "dents", etc. The second
example goes into the processing of classifiers.

Now close the Excel workbook, return to NN-Tool (or start NN-Tool) and proceed as follows:
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e In NN-Tool select File/Load Datafile or press the appropriate button (the button has the
explanatory text "Load Datafile").

e Inthe "Open" dialogue set the file type to ""Excel files (*. xls, *. xIsx)"".

e Select the Excel workbook with the data. Note that the data in Excel must have the same
structure as in the above example, i.e. the parameter names in the first row of the Excel
spreadsheet, followed immediately by the data records (records arranged in rows, no
empty rows). If the Excel folder contains only one data sheet, it will be converted into the
Patfile and immediately imported in NN-Tool. The sheet’s name (not the workbook
name!) will be used as the name of the Patfile.

e If the Excel folder contains several data sheets, a hint follows and a selection window is
displayed where you can select the right sheet. The first 20 lines of each of the different
sheets are displayed to provide additional information.

e Select the sheet you like and press ""Load Sheet™. A .Patfile is generated and imported
from the sheet (of course with all the records, not only the first 20). The data set is
displayed in the window ,,Data Sheet*.

The NN-Tool data file can also be created directly (e.g. from databases), therefore, we are
shortly going into the layout of the file in the following. The previously generated data file
Test.pat has the following structure (equivalent to .csv):

| TEST.pat - Editor — O X

Datei Bearbeiten Format Ansicht 2
versuchsnr;Komp1;Komp2;Komp3;Komp4; Komp5;Komp6;Eigl;Eig2 ~
1;;7.69;4.9;7.76;3.06;14,72;328.988623;-30.5818402
2;20.48;22.88;28;10.04;6.3;12.3;-371.545683;-11.6985426
3:45.33;29.99;0.34;12.15;8;4.2;1349.09659;21.7684805
43;36.43;21.72;29.93;5,76;6.15;0;-106.4399;14, 2684208
5;68.46;6.56;1.23;16.13;2.94;4.68;412.618254;13.6001321
6;;0.06;26.31;2.29;2,17;12.7;-785.939562;-34.7186266
7;45.66;8.88;7.23;18.92;4.75;14.56;188.345818; -2.44684635
8;41.54;23.98;18.48;0.31;7.63,8.06,441.487777;-23.3463382
9;25.71;29.87;16.13;20;7.4;0.9;284,06514;
10;64.05;20.51;9.37;0.19;4.33;1.55;1032,84521;-4.26234105
11;39.45;5.5;24.6;19,15;2.06;9.24;-521.034913;-0.26839175
12;77.32;0.23;2.34;1.96;3.27;14.87;-52.1734694; -41.0667612

In this example each line contains 9 parameters, which are separated by 8 semicolons. In the
first line are (always!) the parameter names. For NN-Tool permissible parameter names are
allowed to be of characters, numbers, parentheses ( ), the hyphen — and the underline _. Other
type settings and special characters can lead to problems using the NN-Tool application
modules. In no case you should use brackets [], dot . and semicolon. After the headline the
first data row has to follow immediately. In the data lines 1 and 6 the second parameter does
not have a value, in the 9" line the last parameter is missing. NN-Tool is able to process such
incomplete records, as long as it is secured that in each line is the same quantity of
semicolons. In case of maximum n parameters (n-1) semicolons have to be in each line.
Additional blanks must not appear in numerical parameters (if necessary, remove them with

8
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an editor), because they are interpreted as classifiers. In case of directly created input files
please check your data by means of an editor before application of NN-Tool. Invalid file
formats are the most often application mistakes.

As previously mentioned, NN-Tool creates the .pat-file from the Excel workbook, opens it,
and determines initially the maximum number of occurring parameters and the number of
available records. These values are displayed to the user in the status bar. In addition, the
imported records are displayed in the window “Data Sheet”:

g% NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\TEST - [Data Sheet] - m} X
ﬁ File Data Analysis View Extras Online-Applications Window Help - 8 X
Sgs AN QO
No. Versuchsnr Komp1 Komp2 Komp3 Komp4 Komp5 Komp6& Eigl Eig2 =

1 769 49 7.76 3.06 1472 328.988623 -30.5818402
2 2 2048 2288 28 10.04 6.3 123 -371.545683 -11.6985426
3 3 4533 2999 034 1215 8 42 134909659 21.7684805
4 4 3643 2172 2993 576 6.15 0 -106.4399 14.2684208
5 5 68.46 656 123 16.13 254 468 412618254 13.6001321
6 6 0.06 2631 229 217 127 -785.939562 -34.7186266
7 7 4566 888 723 18.92 475 1456 188.345818 -2.44684635
8 8 4154 2398 18.48 0.3 763 8.06 441487777 -23.3463382
9 E] 257 29.87 16.13 20 74 05 28406514
10 10 64.05 20.51 937 0.19 433 1.55 1032.84521 -4.26234105
n n 39.45 55 246 19.15 206 9.24 -521.034513 40.26839175
12 12 77.32 0.23 234 1.96 327 1487 -52.1734694 -41.0667612
13 13 25.54 101 251 16.54 6.53 1n77 £27.065878 6.94362805
14 14 58.1 25 0.02 528 7.98 362 1451.91529 407128422
15 15 2mn 2564 2502 1267 59 0.06 -197.553799 30.6034643
16 16 599 19.26 327 951 276 531 1055.53624 -0.13836043 =

Set New Value Do R
,|— set
Delete Column
Save Changes Delete Cell Content | Duplicate Column
Parameters: 9 Records: 500

In our example (application Test with data file Test.pat in the directory
“C:\Users\info\Documents\NN-Tool”) a record consists of 9 parameters (even when they are
not complete in every record). In total 500 records are available (the line with parameter
names is not included). This window should be used as a check for the correct data
import!

If the data import was not possible in the discussed manner, you
have to use the other option:

2. Loading a .csv file

If a direct access from NN-Tool to Excel is not possible or the data are not available in Excel
(but in a different application), you can import data as follows (here described for Excel
again, but in other applications, the procedure is analogous):
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e If both other options fail (i.e. the add-in cannot be installed or run, and a direct access to
Excel is also not possible), it is necessary to convert the Excel data with Excel methods
itself. To do so, convert the Excel spreadsheet to .csv-format by using **Save As' with the
file type ".csv" ("character separated values* or ,comma separated values®). Then
close Excel. If an indication of the nature of: "File does not have the Microsoft Excel
format. ...", or similar appears, then click the corresponding button, i.e. save the file in the
.csv-format.

e Now you have got a .csv file in which the data items are separated by a so-called list
separator. This list separator depends (sorry!) on the Windows settings, specifically on the
so-called Regional Settings. Using German regional settings, it is the semicolon, in
English it is the comma. Now you can start importing the .csv-file in NN-Tool using
File/Load Datafile (or press the appropriate button). In the "Open™ dialogue set the file
type to "CSV Character Separated Values (*.csv)". After that you have to specify the
above-mentioned list separator. If your .csv file uses the semicolon (the default setting for
German Windows versions), click the "OK" button. Otherwise, you must specify the
comma (or possibly even another list separator). Only one character must be entered.
Then NN-Tool imports the data file, creates an additional .pat-file, opens the window
,Data Sheet™ and you can proceed as described in the following.

The next step involves working through the menu items in the Data Analysis menu step by
step. The menu “Data Sheet” is used to control and possibly update the loaded records and
has already been activated.

Close the “Data Sheet” window and run as a next step the menu point “Deactivate Markers”
(or click the corresponding button):

gl NN-Tool 2024 - C:\Users\info\Documents\NN-TooN\TEST - [Markers] - [m} X

g% File Data Analysis View Extras Online-Applications Window Help - 8 X

Sk AN €O G

Parameter
Versuchsnr
Komp1
Komp2
Komp3
Komp4
Komp5
Komp6
Eig1
Eig2

w e - e e w N =
SRR R R R P

Marker | Active

Parameters: 9 Records: 500

Markers are known as parameters, which provide additional information about a data set, but
are not to be included in the NN-model to be created. Test numbers, date and time etc. belong
to this typically. These parameters should be disconnected immediately due to performance
reasons. This is especially important when the values are not only numerical (e.g. date and
time), because NN-Tool interprets these parameters as classifiers (the analysis of classifiers
requires numerically a considerably greater effort than the analysis of continuous numerical

10
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values). Note: Shutdown of markers is not required. Parameters can also be turned off
later. However, in case of large data sets and non-numerical values it is expedient.

Click on the field Versuchsnr or the X behind it respectively and press the key “Marker”.
Then the parameter is noted as an inactive marker. With the key “Active” this setting can be
revoked if necessary (this should not be carried out here).

Close the window and carry out the data analysis (menu Data Analysis, menu point Analysis
or corresponding button respectively). With this step NN-Tool determines essential
characteristic values of each parameter and displays these in the following window:

gfe NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\TEST - [Data Analysis] - [m} x
ge File DataAnalysis Network Training View Extras  Online-Applications Window Help - 8 X
S ARG TN Q0G
51 Training Parameters ‘ 10-Assignment | Training Set / Test Set Allocation |
Parameters Min Max Mean Stddev Median Complete Transform. 10 AP Available
1 ersuc ar 500 Li M P
2 Komp1 14.7000 84.4500 47.4236 17.3077 50.6900 438 Lin | A
3 Komp2 0.0000 29.9900 15.0309 106174 15.2800 500 Lin | A
- Komp3 1.0000e-02 | 30.0000 14.9764 10.6314 14.8150 500 Lin | A
5 Komp4 0.0000 20.0000 99937 7.0585 10.0750 500 Lin | A
6 Komp5 2.0000 8.0000 50048 21235 50100 500 Lin | A
7 Komp6 0.0000 15.0000 75172 5.3091 7.4000 500 Lin | A
8 Eig1 -872.1356 1506.8319 | 151.7104 626.3127 92.0545 500 Lin | A
9 Eig2 -44.8463 51.6725 -0.8354 242734 -2.4893 439 Lin I A
Transformations
Input | Active ‘ Switch-Off by Numbers | Define User Module
Lin ‘ Auvto-Inputs |
( » Manual Classifier
Output | Passive ‘ Log J Auto-Outputs |
Histogram
sg | All Lin | I
Line Chart
Parameters: 9 Records: 500

After the first execution of the data analysis the window can be opened directly over the menu
point “Set Parameters” (the analysis itself will not be executed again). For each parameter
(which is not a marker) the minimum, the maximum value as well as the mean value, the
standard deviation and the median (i.e. the value where 50 % of data are smaller and 50 % are
larger) and the number of occurrence (point “complete®) is displayed. By means of the data in
the window you should firstly check whether the records have been read in correctly
(Checking of plausibility). If parameters have been identified as classifiers you will find the
key word Class in the field Min. This case is dealt with in detail in the next example.

The column Transformation indicates the used scaling and is made for the experienced user
(see annex).

The column 1/O indicates whether a parameter is input- or output value or marker
respectively. Accordingly, the column A/P determines whether a parameter is active or
passive. Only active parameters take part in the net modeling. A record only has to be
complete regarding the active parameters. After activating of one or more parameters by
mouse you can convert these settings with the corresponding keys. In our example the both
last parameters are determined as output-parameters. Afterwards the window should look as
follows:

11
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gfe NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\TEST - [Data Analysis] - [m} x

ge File DataAnalysis Network Training View Extras  Online-Applications Window  Help - & X

S ARG TN SO0

Data Analysis 1 Training Parameters 1 10-Assignment I Training Set / Test Set Allocation |

Parameters Min Max Mean Stddev Median Complete Transform. 10 AP Available
1 ersuc Marke 500 L M P
2 Komp1 14.7000 84.4300 474236 173077 50.6500 498 Lin | A
3 Komp2 0.0000 29.9500 15.0309 106174 15.2800 500 Lin I A
4 Komp3 1.0000e-02 | 30.0000 14.9764 10.6314 14.8150 500 Lin I A
5 | Kompd 0.0000 20.0000 9.9937 7.0585 10.0750 500 Lin I A
6 Komp5 2.0000 8.0000 5.0048 21235 5.0100 500 Lin I A
7 Komp6 0.0000 15.0000 75172 5.3091 7.4000 500 Lin | A
8 Eig1 -872.135 [ 1506.8319 [151.7104 626.3127 92.0545 500 Lin o A 438
9 |Eg2 -44 8463 51.6725 -0.8354 242734 -2.4893 439 Lin ] A 497
Transformations
Input Active ‘ . Switch-Off by Numbers | Define User Module
Lin | Auto-Inputs |
o | e e L ——
Sig | All Lin | wl
Line Chart

Parameters: 9 Records: 500 Inputs / Inputnodes: 6/6  Outputs / Outputnodes: 2/2

In the last column (,,Available“) you will find the number of complete records available for
each output parameter. A record is available for an output, when it is complete in all active
input parameters and in the concerning output parameter. The record must especially not be
complete in all outputs. For a good model, the number of available records should be as high
as possible. In particular, the number should be significantly larger than the number of input
parameters.

The status bar now displays additionally the number of active input and output parameters and
the number of the corresponding network nodes. These figures differ only in the case of
parameters of the so-called classifier type (see next example). As for a continuous (numerical)
input or output parameter exactly one node is needed, both figures should be identical if only
numerical (continuos) parameters are used (plausibility check). This is valid in our example.

Now close this window. With that this first simple data analysis is completed. We will come
back to the large variety of further options later on.

After the data analysis you now have the possibility to create and train the neural network.

12
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4. Network Training

Now start the learning process (the "training™) of the network via the menu item "Network
Training/Start Training™. NN-Tool determines for each output parameter (here 2)
automatically the best network structure and then binds the two separate networks together.

Allocation of records: For each output parameter the set of complete records is determined
separately and is split in a training set and a test set. Using the default settings, each 5th
complete record is assigned to the testset and the remaining 80% of complete records belongs
to the training set. Please note: In the case of incomplete records, these assignments generally
will vary for the various output parameters.

Training: NN-Tool will now determine for each output separately the optimal network
structure. For this purpose, a number of different network structures (i.e., different number of
internal nodes) and training steps (,,iterations") are tested for each output separately.

The number of internal nodes in the so-called hidden layer of a neural network
essentially determines the modeling ability of the system. The more internal nodes are
available, the more flexible is the network structure and the more complex relationships can
be learned. With a large number of internal nodes increases, however, the danger of
"overfitting", i.e. the network memorizes the data. In particular, the measurement errors will
also be learnt.

So it is crucially to determine the right number of internal nodes. However, this figure is
generally not known in advance. The correct number of internal nodes is determined by the
complexity of the functions to be learned. If, for example, all the functions are linear in the
input variables, one internal node per output would be sufficient. If the relationships are not
linear, but still monotonous, you will need a few internal nodes only. Typically, such
information is not available. In general, the complexity of realistic examples from process
analysis or chemical research will be overestimated by the user. The functions often are
monotonous, or at least monomodal (i.e. have only one minimum or maximum).

In a similar way the number of training steps (*‘iterations') affects the model accuracy.
More steps usually improve the accuracy of the resulting model; but from a certain point
(depends itself on the number of internal nodes) overfitting will occur.

Hence for each output parameter the optimum combination of internal nodes and iterations
has to be found. NN-Tool uses a grid search approach for this purpose. The networks are
trained on the records of the training set for various network structures and their modeling
accuracy is determined on the independent test set. NN-Tool starts for the first output with a
network with only one internal node and ten training steps, and then follows the first
evaluation of this structure on the test set, then further evaluations after 20, 30, 40 up to 100
training steps. Then the same procedure for the first output parameter using a network with 2
internal nodes, then 4 and 8 internal nodes. The interim results will be displayed in the
window:

13
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e CDokumente und Einstellungen' fb'Starkmeni', Programme’ N

") 99.9915
g 7a 99 .9925
g 5] 99.9931
8 98 99.993b
FlusgangsknuEen :138
Lerndatensaetze 398
Testdatensaetze 99
94241
.4787
.2648
.1@818
.9882
8926
.8325
.7928
PRT2
Whid
.8325
4244
4794
5172
5379
.5454

Y e e e

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

Here the training for the first output (column 1) has just terminated. For the first output the
internal networks with 8 nodes (2nd column) and training steps from 60 to 100 (“iterations")
are tested. This resulted in correlation coefficients of more than 99.99% (4™ column). The
term is explained in more detail later. A correlation coefficient of 100% represents a perfect
model without errors, 0% means that nothing could be learned.

Following NN-Tool optimizes the network structure for the second output node (this
corresponds to the output parameter 2, see also the following example). For this output we
have 497 complete records of which 398 are used for training and 99 for testing.

The process starts again with a network with only one internal node and 10 training steps, etc.

If the entire process has finished, the optimum network structures for each output node (this
corresponds to the output parameters in this example) are connected to one overall network.

Following NN-Tool executes a prediction for each single record of the training and the test set
and then determines the correlation coefficient as well as the relative absolute error (in %
of the scale variation) and the absolute error between the calculated and the measured values
for each output parameter.

The coefficients of the linear regression line (a0- and al-coefficient) and the number of
records of the sets are displayed also. The meaning of the both coefficients is explained more
detailed below. The correlation coefficients as well as the al-coefficient are more often better
measurements for the quality of a prediction than the relative error, because the distribution of
data sets additionally flows in these coefficients. A perfect model corresponds to a correlation
coefficient of 1, an a0-coefficient of 0 and an al-coefficient of 1. The results are shown in the
following window (“Model Accuracy”):

14
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g% NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\TEST - [Model Accuracy]

- m} X
g File DataAnalysis Network Training View Extras  Online-Applications  Window  Help -5 X
S& AA FAALEY E0nE €0
Network Structure | Comelations Training Set | Set }
No. | Outputs Corelation Rel. Errorin % Abs. Emor a0-Coefficient a1-Coefficient Count
1 Eig1 0.9995 0.2455 5.8409 0.7345 0.9998 39
Eig2 1.0000 0.1454 1

Scatter Plot

Line Diagram Histogram Excel

Parameters: 9 Records: 500  Inputs/ Inputnodes: 6/6  Outputs / Outputnodes: 2/2  Calculation time: 1.17 s

The colors of the parameters characterize the quality of modeling: "green” = good modeling,
"yellow" = moderate, "red" = bad. The window can be displayed also manually at any time.
For that one chooses in the menu Network Training the menu point Prediction (Training
and Testset) (or push the corresponding button).

By clicking one of the output parameters can be selected and the following graphic
(Scatterplot) can be displayed (also directly by using double-clicks):

g& NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\TEST - [Test Set, Eig1, Scatter Plot] - O *

ﬁ File  Data Analysis Network Training View Extras Online-Applications
S ARDFA XML E0EE 004G
Test Set, Eig1, R =0.9999, Y = 0.7345 + 0.9998 * X

Window  Help - 8 X

predicted values
2000.00 -

1000.00 -

1000 00 "1000.00 '2000.00

measured values

-1000.00 A

Grid
™ horizontal [~ vertical

Copy Reset

Parameters: 9 Records: 500 Inputs / Inputnodes: 6/6  Outputs / Outputnodes: 2/2 Calculation time: 1.17 s

Here for each record of the test set the calculated (predicted) value is shown comparatively to
the given (measured) value. Moreover the "45 degrees line" (blue line, here under the red line)
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and the regression line (red line) is shown. a0-coefficient and al-coefficient are defining the
regression line. If the model is good the al-coefficient has to be close to 1. Whereas the a0-
coefficient has to be only small relating to the typical values of an output parameter.
Therefore, a value of 0,73 is completely uncritical here. In the ideal case all points should be
on the "45 degrees line" (i.e. on the straight line y = x) and the regression line should
correspond to the "45 degrees line". In this way this representation makes possible a quick
visually control of the net accuracy, which in case of more than 2 input values cannot be made
easier comparable to any other graphical presentation. By clicking the key Copy the graphic
can be saved to the clipboard and e.g. from there can be copied in a Word document.

Beside the Scatterplot also the Line Diagram is available for assessing the model accuracy
(right mouse button):

& NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\TEST - [Test Set, Eig2, Line Chart] - O x
g Fle DataAnalysis Network Training View Extras Online-Applications Window Help - 8 X
S AAS FA X NEY E@ A

Test Set, Eig2, R = 1.0000

60 _ = meas. Values

— pred. Values

< | Iﬂ

Data Range Grid
Cory I from |1 to |99 I~ horizontal [~ vertical Reset |

Parameters: 9 Records: 500 Inputs / Inputnodes: 6/6 Outputs [ Outputnodes: 2/2 Calculation time: 1.17 s

In this chart the predicted and the measured values of a single record of the test set (or
training set respectively) are displayed corresponding to the number of the record.

In both types of graphics additional information can be retrieved by clicking in the chart using
the left mouse button. With the right mouse button, you can zoom in the graphic. Use the
middle button to reset.

In the following the range of the first 20 test set records is displayed only. Additionally, one
record has been selected (note: the seventh test set record is record number 38):
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gle NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\TEST - [Test Set, Eig2, Line Chart] — O x

gg File DataAnalysis Network Training View Extras  Online-Applications Window  Help - & X

S AADFLA LGN EOEE 26
Test Set, Eig2, R = 1.0000

60 - — meas. Values
50 1 — pred. Values
40 b ) .
30 7 7\ - !
/ \ / '|I
20 1 / Y / ‘
/
10 T / \ y \
N\ / Y :
D T \l T ]5 T T i," T T ITU T T \I T ,{15 T T ,‘K‘ T /f‘ |20
10 - \ o~ f Record s / ‘\\/
\ PN f \ / \ ,f
20 \ N W \ /
: \ / Meas. -19.733 v \ /
30 A v/ Pred -19.897 \
\ / Record 38 \ ,f"
-40 b \/' Y
-50 -
< | 2l

Data Range Grid
il from |1 to |20 ™ horizontal [~ wvertical M

Parameters: 9 Records: 500 Inputs / Inputnodes: 6/6  Outputs / Outputnodes: 2/2 Calculation time: 1.17 s

By pressing the key Excel in the window "Model Accuracy” the measured and calculated
values of the output parameters are transferred to an Excel sheet. Thereby any formatted
representations can be made.

These information can also be retrieved for the training set (window ,,Model Accuracy*, tab
page ,,Correlations Training Set*). The tab page ,,Network Structure* displays the selected
optimal network structure for each output node.

If no sufficient model accuracy could be achieved, the learning process can be restarted using
a large variety of parameter settings. This will be discussed in the next example. It should be
noted, however, that the principle attainable correlation coefficient is limited by
measurement errors in the learning and test data, because of error or correlation
coefficient calculations always depend on comparisons with the existing data.

In this example, an almost perfect model could be achieved. This is of course a result of the
specific sample data and not always true (see next example).

If a sufficient exact model is achieved, you can use this model now for analyses of the
influence of the input values on the output values. Execute the menu point “Influence
Analysis” in the menu “Network Training” (or push the corresponding button). The
program now determines the mean influence and the mean absolute influence of an input
value x; on an output value y;, by calculating and then averaging the corresponding partial

derivatives of the NN-model (and the absolute value of that respectively) at all existing data
points.
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p p
Ei,j,mean ZEZ% 'Ei,j.meanabs ZEZ%
p = 0X; P =|OX;

The mean influence is always equal or less than the mean absolute influence. In case of
monotone dependencies applies:

E
However, if the value of the mean influence is really smaller, then the parameter x; affects
the parameter y; one time positively and one time negatively (depends on the values of the
other parameters).

i,j.mean | = Ei,j,meanabs

gle NN-Tool 2024 - C:\Users\info\Documents\NN-TooNTEST - [Influence Analysis] — O x
st File DataAnalysis Network Training View Extras Online-Applications Window  Help - 5 X
Sh AT FAATINEY E0OEE 90

Inputs Mean Influence Mean Abs. Influ. Min. Max.

Komp2 05414 05414 0.0000 299900

Komp3 0.4229 0.4229 1.0000e-02 30.0000

Komp1 0.3354 03384 14.7000 84.4900

Komp6 -0.0257 0.0606 0.0000 15.0000

Komp4 0.0184 0.0868 0.0000 20.0000

Komp5 -9.0841e-03 0.0259 2.0000 8,0000

Graphicl Sorting Setpoi
Excel I ’75' Mean Influences ¢ Mean Abs. Influences ’75'.&" " Record |1 Nnu('.‘alu.iaﬁml

Parameters: 9 Records: 500  Inputs [ Inputnodes: 6/6  Outputs / Outputnodes: 2/2 Calculation time: 1.17 s

In the upper table the mean and mean absolute influence for all inputs are listed for the lower
chosen output parameter. The indications min and max relate to the variation range of the
parameters and provide only additional information. The example shows that the first two
listed parameters "Komp2" and "Komp3" affect monotonically the output “Eigl”; all other
parameters don’t have a monotone effect on the output "Eigl". The both most important
influences are "Komp2" and "Komp3". An increase of "Komp2" has a positive effect and an
increase of "Komp3" has a negative effect on the output "Eigl". By the key “Graphic” (or
double-click on the output name) a corresponding graphical representation can be
requested.
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gle NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\TEST - [Influences Eig1] — O x

o File Data Analysis Network Training View Extras  Online-Applications  Window  Help - B X
S ARG TR ANEN EOEE €€C

Influences Eig1

Komp4

Komp5

~0.50 -0.40 -0.30 0.20 0.10 '0.00 '0.10 '0.20 '0.30 '0.40 '0.50 '0.60

S

Parameters: 9 Records: 500 Inputs / Inputnodes: 6/6  Outputs / Outputnodes: 2/2 Calculation time: 1.17 s

Using the option "Setpoint™ the influences of the inputs on the outputs will be calculated at a
fix determined record (the Setpoint), i.e. it will not be averaged over all data sets. For that
firstly a record has to be selected and the button “New Calculation” has to be pushed. Using
the option “All” and pressing “New Calculation” the average values will be calculated again.

Important note / definitely try it out:

At this point you should make use of the “Automatic Documentation” option. This feature in
the “Network Training” main menu makes it possible to generate all information relevant to
a network fully automatically and save it in an Excel folder with a variety of spreadsheets.
This includes graphics such as scatter plots and line diagrams.
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By means of the option “Influence Plot” the influence of a single input value on an output
value can be shown graphically:

& NN-Tool 2024 - C\Users\info\Documents\NN-Tool\TEST - [Influence Plot] — O X
g& File Data Analysis Network Training View [Extras  Online-Applications Window Help -8 X
S ARG FA X LGN EOEE €06
Eig1
600 -
500 -
400
300 4
200
100 S
0 T T T 1
10 20 30 40 50 60 70 80 90
-100 4
-200 4
-300
Komp1
Inputs 1 Inputs 2 Outputs Scaling Y-Axis
omp ~ Omp A Eig & automatic
Komp2 Komp2 Eig2
Komp3 Komp3  [8721356 [1506.832
Komp4 b Komp4 v
i Chart Setpoint Title
o | ) | Bxcel ‘ S | * single  multi @ Standard " Record | 1 [~ |TEST-EBgl
Parameters: 9 Records: 500 Inputs / Inputnodes: 6/6  Outputs / Outputnodes: 2/2 Calculation time: 1.17 s

One input is varied by its scale range. At the same time all other inputs are kept on a setpoint
(adjustable by the option Setpoint). As a standard the setpoint is determined by the mean
values of all input values. As already known from the analysis before, with this adjustment of
the setpoint "Komp3" has a negative effect on "Eigl".

Note: Only this chart alone is not able to show that the influence of "Komp3" on "Eigl" is
monotone. It could be that in case of other adjusted values of the remaining parameters the
influence of "Komp3" on "Eig1" would be positive.

By using the option multi or the selection of a second input parameter, the influence of two
input parameters is displayed simultaneously:
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gﬁ NN-Tool 2024 - C\Users\info\Documents\NN-Tool\TEST - [Influence Plot] - O X
ga File DataAnalysis Network Training View Extras  Online-Applications Window  Help - 8 X
Sea AMD T X MEY EOER 9C
Eig2
3- — 0.00
- 750
2 - 1499
- 2249
1 .
- 2999
04
10 20 30 40 70 80 90
14
Komp1 for different Komp2
Inputs 1 Inputs 2 Outputs —ScalingY-Awis ————————————————
Komp 1 A Eig1 @ automatic
Komp3 " |44.84633 |51.67251
Komp4 w
Chart Setpoint Title
== I E= e | " single = multi ¢ Standard ( Record | 1 l_ ITEST— Eig2
Parameters: 9 Records: 500 Inputs / Inputnodes: 6/6 Outputs / Outputnodes: 2/2 Calculation time: 1.17 s

With "Excel", the chart data will be transferred to Excel. With ,,Excel 3D ", a 3D- chart in
Excel will be requested.

NN-Tool Influenceplot

m2.53
m2-25
m152

Eig2

m1-15
m0.51
m0-0.5

m-0.50
Komp2

With the shown graphics firstly all input values have been set on their respective mean values.
If other values are to be used, this is possible by the option “Setpoint”.
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Reload network: Now exit NN-Tool. The created network can be loaded again at any time
after a restart (“File\Load Net”) or by double-clicking on the corresponding “.dsc” file
(description file).
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5. Classifiers and Training Parameters

This section deals with further essential features of NN-Tool. For explanation another
example problem is used with the application name class6. Re-start NN-Tool, generate from
the Excel file class6.xls the corresponding data file class6.pat. Open and analyze the data file.
Markers will not occur. The parameter description is as follows:

ﬁ NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\CLASS6 - [Data Analysis] — O >
ga File DataAnalysis Network Training View Extras  Online-Applications  Window  Help - 8 X
- o - »
S ARDS TO QG
Parameters Min Max Mean Stddev Median Complete Transform 10 A/P Available
1 al 19.5000 73.6300 49.8416 11.0664 48.1250 98 Lin | A
2 a2 |  E gelb 78 57 Lin \ A
3 al 5.1200 53.0700 25.0459 11.2188 24.5000 100 Lin | A
4 el 2.0000 96.0000 57.3667 28.8068 63.0000 90 Lin | A
5 el 1.0000 99.0000 520816 28.7527 56.0000 93 Lin | A
6 el 0.0000 99.0000 51.0600 28.9080 51.5000 100 Lin | A
7 ed 1.0000 99.0000 47.4200 28.607 43.5000 100 Lin | A
8 e5 1.0000 57.0000 47.3300 30.2425 46.5000 100 Lin | A
9 eb 0.0000 99.0000 50.9300 28.6276 54.5000 100 Lin | A
10 |e7 0.0000 98.0000 48.7000 30.3650 46.5000 100 Lin | A
1 ed - B suess 69 % Lin [ A
12 |e9 1.0000 99.0000 47.1500 30.5477 45.0000 100 Lin | A
13 |P er_13 0.000 000 0.000 | P
14 ametes 0.000 000 0.000 L | P
15 |ad 68.5100 57.4100 86.3276 6.5903 86.8500 100 Lin | A
16 | Parameter_16 0.000 000 0.000 L | P
17 |ab -20.0000 118.0000 56.3000 41.4535 58.5000 100 Lin | A
Transformations
Input ‘ Active | Switch-Off by Numbers | Define User Module
Lin | Auto-Inputs ‘
» Manual Classifier
Output ‘ Passive | e | Auto-Outputs ‘
Histt
se | A | ==
Line Chart
Parameters: 17 Records: 100

This example contains two classifiers (tagged in color):
1. a2 with the classes (instances): ,,gelb*, ,,rot* and ,,blau“ (German for "yellow", "red" and

llbluell)
2. e8 with the classes ,,suess®, ,,sauer®, ,,salzig®, , bitter” ("sweet", "sour", "salty", "bitter")

NN-Tool identifies a classifier that way that in the corresponding data column are not only
pure numerical values. On the other hand, every parameter which contains non-numerical
elements (e.g. blanks) is treated as a classifier.

With the classifiers the following values are shown in the columns Min, Max, Mean, Stddev:

Column Min: keyword Class.

Column Max: Number of different classes (instances) of the classifier.
Column Mean: Most frequent class of the classifier.

Column Stddev: Number of arising of the most frequent class.

Furthermore, the example contains some completely empty columns called Parameter 13,
Parameter_14, Parameter_16. These names have been given by NN-Tool. Parameters, which
do not have at least two different values, are automatically deactivated by NN-Tool and also
cannot be reactivated manually.
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In this example the parameters al-a3 and a4 and a5 are the output values. After switching
over the result is:

g NN-Tool 2024 - C:\Users\info\Documents\NN-TooNCLASS6 - [Data Analysis] - O x

g File DataAnalysis Network Training View Extras  Online-Applications  Window  Help - 8 X

S ARS TH QEG

Data Analysis 1 Training Parameters 1 I0-Assignment I Training Set / Test Set Allocation |

Parameters Min Max Mean Stddev Median Complete Transform 170 AP Available
1 al 19.5000 73.6300 45.8416 11.0664 481250 93 Lin 0 A 83
2 a2 = : gelb 78 97 Lin 0o A &
3 a3 5.1200 53.0700 250455 11.2188 24.5000 100 Lin o] A 85
4 el 2.0000 96.0000 57.3667 28.8068 63.0000 90 Lin | A
5 e2 1.0000 59.0000 52.0816 28.7527 56.0000 98 Lin | A
6 el 0.0000 99.0000 51.0600 28.9080 51.5000 100 Lin | A
7 ed 1.0000 99.0000 47.4200 28.6071 43.5000 100 Lin | A
8 |e5 1.0000 97.0000 47.3300 30.2425 46.5000 100 Lin I A
9 eb 0.0000 99.0000 50.9300 28.6276 54.5000 100 Lin | A
10 |e7 0.0000 98.0000 48.7000 30.3650 46.5000 100 Lin I A
1 |e8 = - suess 69 % Lin [ A
12 |eS 1.0000 99.0000 47.1500 30.5477 45,0000 100 Lin | A
13 arameter_1 | P
14 e | P
15 |ad 68.5100 97.4100 86.3276 6.5903 86.8500 100 Lin 0 A 85
16 arameter_1 0 P
17 |ab -20.0000 118.0000 56.3000 41.4535 58.5000 100 Lin 0 A 85
Transformations
Input Active | Switch-Off by Numbers | Define User Module
Lin ‘ Auto-Inputs ‘
T Gutput ] Passive | e ‘ Auto-Outputs ‘ Manual Classifier
sg | Al Lin \ __ Hegwm |
Line Chart

Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12  Outputs / Outputnodes: 5/7

There remain 9 active input parameters and 12 input nodes are allocated to them, because the
classifier "e8" needs for its 4 classes 4 input nodes for coding.

Corresponding for the 5 active output values result in 7 output nodes.

Although the additional functions for the training parameters are not required for this
application, they are introduced here shortly:

Transformations / Histogram: these buttons allow for non-uniformly distributed parameters
a transformation to come to better distributed parameters (see Annex: Non-linear Scaling
Transformations). These transformations can be set individually for each parameter using the
buttons Lin, Log and Sig. With the key histogram (or double-click on a parameter) a
graphical representation of the distribution of the selected parameters is displayed. In this
chart the effect of transformations can also be studied (try!). Using the keys Auto-Inputs,
Auto-Outputs, NN-Tool determines the best scaling-transformation to choose for each
parameter (separately for inputs and outputs). Using the button "All Lin%, all parameters will
be reset to the linear scaling transformation (default case).

Switch-Off by Numbers: In case of datasets with a lot of parameters this function allows for
setting all parameters passive with just one button, which have not been measured sufficiently
often.

Manual Classifier: As already mentioned, NN-Tool identifies a classifier by arising of non-
numerical parameters. However, it can occur that the instances of a classifier are numerical
values themselves, e.g. classifier catalyst-type with the values 1, 2, 3, 4. Such a classifier must
be changed manually. For that the corresponding parameter is tagged and then the menu point
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is executed. This can be reversed by executing the analysis again.

Note: If it is intended to use the neural net as an Excel-Add-In, this option should not be used!
In contrast to NN-Tool, Excel does not distinguish between a number and a text, which looks
like a number. In such cases these parameter values should be turned into classes by attaching
a character before or behind the value.

Line Chart: By selecting a parameter and pressing the button ,,Line Chart* (or right mouse
click) a graphical representation of the values of the selected parameter is displayed (try it!).
Tab Page Training Parameters

In Examplel (application ,,Test) for each output parameter networks with 1, 2, 4, 8 inner

nodes and 10, 20, 30 ... 100 learning steps have been tested.
This tab page allows a more precise setting of the learning process:

gle NN-Tool 2024 - C:\Users\info\Documents\NN-TooNCLASS6 - [Data Analysis] — O x

gg File DataAnalysis Network Training View Extras  Online-Applications Window  Help - & X

Sk AND FH OOG

Data Analysis |

ef@l 10-Assignment ] Training Set / Test Set Allocation I
Inner Nodes per Output

1 min 8 max

Training Steps

10 min 100 max 10 Steplength

5 Fraction Test Set/ n-fold Crossvalidation

Distribution of Records
{* Every n-th Record in Test Set
" Coherent Test Set
(" Specific Distribution
" n-fold Crossvalidation Cyclic
" n-fold Crossvalidation in Blocks
" n-fold Crossvalidation Random (no TestSef) - %-Fraction ,207

" Crossvalidation Leave-One-Out

Specials
[0 EmorRatingin%
Initial Weights Multithreading
(v Standard (=0) " Variant " yes * no

Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12  Outputs / Outputnodes: 5/7

The automatic training of NN-Tool creates an optimum net for each output node, i.e. for each
function to be learned. The created nets will be finally joined to an overall net. This leads to a
better prediction quality of the nets, as if all output values are optimized together. With that
for each output parameter the number of complete records is determined also. That means that
a record which is incomplete in one or more output values, will still be used for net training
for all other output values (however, the input values have to be complete, because of the
uniqueness of the problem). These methods guarantee that the maximum of information is got
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from the data set. The user only gives a frame for the optimization. Within this frame the
best net each per output node is found out. The net quality is determined by the error of
predictions on the testset. With the tab page “Training Parameters” you specify the above-
mentioned frame. In detail the fields show:

e Inner Nodes per Output: These values determine the minimum and maximum size of
subnetworks, e.g. 1 and 32. In this case the system checks the following net sizes for each
output parameter (or nodes with classifiers respectively): 1, 2, 4, 8, 16, 32, i.e. the net size
is doubled each. (An alteration from 10 to 11 inner nodes does not bring a considerable
change of the training ability and due to this they are doubled each.) Therefore, the total
network can consist of 7*32 inner nodes (a maximum of 32 inner nodes for each of the 7
output nodes). But usually, the total networks are considerably smaller.

e Training Steps: These values give the lower and upper limit of the number of training
steps and the number of steps, according to which the test set is being evaluated. The
setting 10, 100, 10 means: The system executes at first 10 training steps (minimum
number), following the quality of the net is tested, then 10 further training steps are done
(Steplength) and tested again etc. until the maximum number of steps has been executed.
This will be repeated for each output node and each setting of inner nodes.

e Fraction Testset / n-fold Crossvalidation: Indicates the fraction of complete records of
an output parameter which is to be used for testing (i.e. not for training). A 5 means that
every 5" complete record is used for testing. Please observe: this can be another
allocation for each output parameter, if the output values are incomplete. If training is
performed in crossvalidation mode (see below), the value indicates the number of
different test sets.

Distribution of Records: In some applications, the quality of the resulting network models
depends sensitively on which records have been used for training (training set) and which
have been used for testing. This is particularly the case when only a few records are available
or the records show a high correlation to each other (e.g., for time series applications). For
this reason, the following options for the partitioning are available:

e Options: every n" Record in Test set / Coherent Test Set: indicates how the datasets
of the testset are to be chosen from the available records for an output node. For test
series the option "Every n'" Record in Test Set" is more useful, for time series the option
"Coherent Test Set" should be preferred, because of the typically high correlation of
neighboring records. NN-Tool chooses the corresponding option automatically, i.e. also
here normally no change is necessary.

e Specific Distribution: Allows detailed assignment of every record to the test set or the
training set respectively by using the tab page ""Training Set / Test Set Allocation™.
Furthermore, it is possible to assign a weight to every record. This weight indicates how
often a record will be used (0 = record ignored).

e Crossvalidation: Allows using of multiple, dynamically created test sets for every
output. This option reduces the dependence of the resulting network structure from the
selection of a specific test set. If for example the value of the field n-fold
Crossvalidation is 5 then 5 partitions of learning and test set are made for each output
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parameter. For each of these partitions, the entire test program in terms of internal nodes
and the training steps is executed automatically. Then, each output node will be trained
with the optimal network structure on all records. Finally, the individual sub-networks
will be joined to the overall network. Note: A specific weighting of records in tab page
"Training Set / Test Set Allocation” will also be taken into account using
crossvalidation. For the dynamic allocation of the records four different strategies are
available:

e n-fold Crossvalidation Cyclic: With this option and n = 5, the first dynamic test set
contains the following complete records: 1, 6, 11, .. the second test set consists of
records 2, 7, 12, .. etc. This partitioning is generally especially suitable for
uncorrelated data series.

e n-fold Crossvalidation in Blocks: In this option, and n = 5, the first dynamic test set
contains the first fifth of the records; the second test set contains the second fifth, etc.
This partitioning is generally particularly suited for time-dependent data (time
series, see corresponding example). If it is unclear whether neighboring data sets are
correlated, this setting is recommended, i.e. if in doubt you are on the right side
with “Crossvalidation in Blocks”.

e n-fold Crossvalidation Random: In this option, and n = 5, each of the five test sets
consists of records which are assigned to the test set with a probability specified in
the field %-Fraction. In this mode, no final assessment of the test set accuracy can be
carried out (only training set).

e Crossvalidation Leave-One-Out: The extreme case "Leave-One-Out" creates as
many different test sets as there are complete records for the output under
consideration. In this case every test set consists of only one record (no correlation
information is possible during training runs). This mode is by far the most expensive
in terms of calculation time, but can - at least for uncorrelated data — achieve the
highest model accuracy. Especially for small data sets of (hopefully) uncorrelated
test series suitable. In time series, this option - because of the generally high
correlation of records among each other - is not recommended.

e Error Rating in %: As already mentioned NN-Tool tests for each output parameter singly
the optimum net configuration with different numbers of training steps and inner nodes.
Finally the net is used which achieves the best prediction precision on the test set.
Normally for that the mean relative errors of the single nets are compared. With this option
punishment terms can be additionally put on networks having a lot of inner nodes. A value
of x > 0 with this option means that the mean relative error of a fraction net with n nodes is
multiplied by a factor of 1+ (nx / 100). This will be used for the network choice. This
option is of importance, when a high correlation of testing records with corresponding
training records has to be assumed. In this case the test set error itself does not offer a
sufficient basis for assessment.

¢ Initial Weights: The learning algorithm of NN-Tool is like all other similar methods an
iterative process in which on the basis of initial values for the weights of the network
gradually always better solutions are to be found. Such a procedure requires an
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initialization of the network weights. For NN-Tool all weights are initially set to zero.
Note: in the literature you will often find the statement that this setting is always a local
minimum of the learning process, and that learning would not converge. For the NN-Tool
learning algorithm this is generally not the case. The author knows only one super-
symmetrical example (i.e. XOR) to which this standard initialization is indeed a local
minimum and NN-Tool does not converge. In such cases, choose ,,Variant* for ,,Initial
Weights* and thus convergence can be achieved also.

e Multithreading: This option enables the learning algorithm of NN-Tool to use several
processing cores (if possible) to achieve a higher calculation speed. The option is useful
only under the following circumstances:

1. The PC possesses two or more cores.
2. There are more than one outputs to train or option Crossvalidation is used
3. Training is time consuming because of a large number of records or parameters.

Tab Page 10-Assignment

Allows allocation of input- to output parameters. As standard each active input parameter is
enlisted for modeling each output parameter. By means of this function NN-Tool can be
instructed to leave certain inputs out of account with certain outputs or to allow only a
monotonous relation between a certain input and a certain output. This affects
correspondingly the number of complete records of an output parameter. l.e. a seldom
measured input parameter, which is deactivated for a certain output, does not reduce the
number of complete records which are available for this output. The function 10-Assignment
affects only the automatic training procedure.

Tab Page Training Set / Test Set Allocation
Allows you to assign individually each record to the training set or the test set. Of course, this
assignment is valid only, if the option ,Specific Distribution has been selected at

"Distribution of Records" on the tab ,,Training Parameters“. In addition, a weighting of the
records can be made.

These functions are not needed here, but maybe you experiment with that. The changes can be
cancelled by executing the analysis again.

We adopt the default setting and start the automatic training.
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A window is opened as shown above (If it happens too quickly: this information can also be
accessed afterwards, see below). In this display the optimization of the 3™ output node has
been just finalized and the 4" optimization has started (1% column). Regarding the 4" output
node 82 records are complete and 66 of these are used for training and 16 for testing the
fraction network for the 4" node. At first the network is tested with one inner node (2"
column) after 10, 20, 30... training steps (3 column). The corresponding correlations (in %)
for the prediction on the testset are listed in the 4™ column. After running through the best
networks each are joined to a total network. The determined network structure is shown in the
following window (Note: By default, the tab page “Correlations Test Set” is activated):

gle NN-Tool 2024 - C:\Users\info\Documents\NN-ToaNCLASS6 - [Model Accuracy] - [m] X

QE File  Data Analysis  Network Training View Extras  Online-Applications  Window  Help - 5 X

Di ARG T LGN EOEE 990G

Network Structure ‘ Comelations Training Set | Comelations Test Set |

No. | Outputs Training Set Test Set Inner Nodes lterations Comelations Rel. Emorin %
1 |al 67 16 2 100 0.9358 1.2331

2 Class a2 rot 66 16 1 100 0.4772 12.1952

3 Class a2 blau 66 16 2 20 0.9519 12.3568

4 |Class a2 geb 66 16 8 100 0.9506 3.5065

5 |a3 63 17 2 20 0.8914 9.5389

6 |ad 68 17 2 20 0.9013 9.1655

7 |ab 63 17 4 100 0.9992 0.8480

Details

Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12 Outputs / Outputnodes: 5/7 Calculation time: 0.77 s

Furthermore the whole information is written in a file called class6.pro. The file can be
displayed directly using the “Details” button. For each output node you can find the
description for the best single network each in the window (or the file respectively). For
instance, for the third output node (corresponds to class "blau™ ("blue™) of classifier "a2")
results an optimum network with 2 inner nodes with 20 training steps. This network has a
correlation of 95.2 % and a relative error of 12.36% on the testset. 66 records have been used
for creating the corresponding fraction network. The error calculations are based on the 16
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records of the test set. Then the seven single networks have been joined to one total network
with 21 inner nodes.

You can get a complete documentation of your modeling in the main menu “Network
Training”, menu item “Automatic Documentation”. Definitely try it!!

The network can then be used to create influence plots or for optimization purposes using the
integrated application modules (see chapter "Application Module Control Panel” and chapter
"Complex Optimization Problems™).

In the next chapter we will look at options for improving the model accuracy.
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6. Optimization of Model Quality — Crossvalidation and Input
Optimization

In the previous example “class6” we had the unfavorable situation that there were relatively
many inputs (input parameters) and only relatively few data sets.

In principle, for good modeling, the ratio of the number of records to the number of
inputs should be as high as possible. You can never actually have too many datasets
(records).

A small number of data sets also means that the errors and correlation coefficients
determined are statistically less certain. We will now tackle the last point first by moving
on to Crossvalidation.

First load the “class6” network created previously (Chapter 5) and switch to “Network
training \ Set Training Parameters”. Select the “Crossvalidation n-fold blockwise” option
(we are not sure whether neighboring data sets are correlated) and the “Multithreading”
option:

ﬁ NN-Tool 2024 - C\Users\info\Documents\NN-Tool\CLASSE - [Data Analysis] - O X

gk File DataAnalysis Network Training View Extras Online-Applications Window Help - 2 X

S AMD A X TNEY EOEE €26

Data Analysis  Training Parameters | 10-Assignment l Training Set / Test Set Allocation |

Inner Nodes per Output

1 min 8 max

Training Steps

10 min 100 max 10 Steplength
5 Fraction Test Set/ n-fold Crossvalidation

Distribution of Records

(" Every n-th Record in Test Set

" Coherent Test Set

" Specific Distribution

(" n-fold Crossvalidation Cyclic

(% n-fold Crossvalidation in Blocks

" n-fold Crossvalidation Random (no TestSet) - %-Fracion  [200

" Crossvalidation Leave-One-Out

Specials
lﬂi Error Rating in %

Initial Weights Multithreading

¢ Standard (=0) " Variant * yes " no

Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12  Outputs / Outputnodes: 5/7

Now start the training process:
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ﬁ NN-Tool 2024 - C:\Users\info\Documents\NN-Too\CLASS6 - [Model Accuracy] — 0O X
g File DataAnalysis Network Training View Extras  Online-Applications ~Window  Help -8 X
S ARG FOH XSG BO A A

Network Structure | Cormelations Training Set CUW‘WQHETﬁSﬂ

No. | Outputs Cormelation Rel. Errorin % Abs. Emmor al-Coefficient al-Coefficient Count

1 al 0.9965 1.1534 0.6244 -0.4142 1.0074 83

2 Class a2 0.5024 82

3 a3l 0.8955 8.3115 3.9854 1.9826 0.9220 85

4 ad 0.9126 74291 2.1470 3.4655 0.9568 85

5 a5 0.9995 0.6953 0.9595 -0.2435 1.0016 85

Scatter Plot Line Diagram Histogram Excel
Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12  Outputs / Outputnodes: 5/7 Calculation time: 2.01 s

We initially achieved a (slight) improvement in the model quality. Above all, the errors and
correlations determined on the test set are now better statistically verified (“Count” field).

In the next step, we want to improve the ratio of the number of data sets to the inputs.
Since we cannot carve out data sets, we can instead try to reduce the number of inputs. This is
where the “Input Optimization” option comes into play.

This option in the Network Training main menu makes it possible to successively
(sequentially) reduce the number of input parameters for the various outputs in order to find
an optimal input parameter configuration. The goal is to only keep the necessary inputs for
each output and to switch the remaining ones passively (see 10-Assignment). In contrast to
the more common “Optimum Inputs” methodology (Appendix 4), which is based on
preliminary correlation analyses, here the optimal inputs are determined on the basis of
networks that have already been created. In contrast to the “Optimum Inputs” methodology,
non-linear influences of the input parameters are also taken into account. The method is
therefore much more general (and generally more accurate) than the usual approach of
parameter selection based on correlation coefficients (see “Optimum Inputs”). Nothing is free.
It is also significantly more computationally expensive. However, handling is extremely
comfortable.

First load the “class6” network that was previously created using cross-validation and
multithreading and select “Network training \ Input Optimization”:
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ﬁ NN-Tool 2024 - C\Users\info\Documents\NN-Too\CLASS6 - [Input Optimization] — O X
g Fle DataAnalysis Network Training View Extras  Online-Applications  Window  Help - B X
S ARMD FAAXTLEY ES @es

Configuration |Flesults | Switch-Off History |

Initial Inputs: 9

Switch-Off Complete Inputs Weigthing
Optimization Steps Count |3 © yes @ no I~ Input Correlation -1
Switch off per step |1 Show Training Progress
= — ™ Records Count 1
" yes * no

Remaining Inputs: 1

el e2 e3 ed e5 eb e7 e8 ed

al X X X X X X X X X

a2 X X X X X X X X X

a3 X X X X X X X X X

a4 X X X X X X X X X

b 35 X X X X X X X X X
Start Active Mono | Passive | Fix / Defix ‘ <> | >< | Save Load |

Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12  Outputs / Outputnodes: 5/7

Method:

The user first specifies a number of optimization steps (e.g. 8) and the inputs to be switched

off per step (e.g. 1). The values shown here are the defaults, namely with n inputs (n-1) steps

in which only one input is switched off at a time. Other settings make particular sense if there

is a large number of potential inputs for large number of data sets (computation time). For

example, with hundred inputs you could carry out 33 runs with 3 inputs to be switched off

each. It is important that at least one input remains at the end. It is recommended to carry

out the learning process using “crossvalidation” and “multithreading” (set training

parameters accordingly in advance).

After pressing the Start button, a 0-th training run takes place, in which all inputs actively

affect all outputs (unless the parameters are switched completely passive). The optimization

runs then take place (in the example 8). The following program is processed automatically for

each optimization run:

1. Based on the previous run, the influences of the inputs on the outputs are calculated.

2. The inputs with the lowest absolute influences per output from the previous run are set
passively (here 1 each).

3. A new network is created with the new input-output configuration. The setting under “Set
learning parameters” applies.

4. The network quality of the configuration is determined and saved.

Intermediately:
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gﬁ NN-Tool 2024 - C\Users\info\Documents\NN-Too\CLASS6 - [Input Optimization]

g File DataAnalysis Network Training View Extras  Online-Applications  Window  Help

St AAD FA LGN EORRE €00

Corfiguration | Resuts | Switch-Off History |

Initial Inputs: 3 — Switch-Off Complete Inputs —— Weigthing
Optimization Steps Count |8 © yes * no [ Input Correlation |'1
Switch off per step |1 —Show Training Progress

- @ [~ Records Count 1
Remaining Inputs: 1 yes ne |

3

Start Active Mono | Passive | Fix.fDeﬁxl <> I > < |

Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12  Outputs / Outputnodes: 5/7

After the last run, the network with the fewest inputs results (here only one input per output):

QE NN-Tool 2024 - C\Users\info\Documents\NN-Too\CLASS6 - [Input Optimization]

ga File Data Analysis Network Training View Extras  Online-Applications Window  Help - 8 X

aﬁ AR FAA LG EOEE €03

| Resuts | Switch-Off History |

Initial Inputs: 9 — Switch-Off Complete Inputs —| Weigthing
Optimization Steps Count |8 © yes * no [ Input Correlation |'1
Switch off per step |1 —Show Training Progress ———

~ & I~ Records Count |'I
Remaining Inputs: 1 = L |

| e4

Start Active Mono | Passive | Fix.fDeﬁxl <> I > < |

Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12  Outputs / Outputnodes: 5/7  Calculation time: 13.38 s

With each run, the number of active inputs decreases. After all runs (note: because of the 0-th

run there is one more than selected) the results for all outputs and all configurations are
displayed:
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f‘ NN-Tool 2024 - C:\Users\info\Documents\NN-Too\CLASS6 - [Input Optimization] - O X
g File DataAnalysis Network Training View Extras  Online-Applications Window  Help -8 X
S AR FA A TNEY E0EE 94
Configuration 51 Switch Off History |
Switched Off Remaining Corr. Train. Set % Rel. Eor Train Set Count Con. Test Set % Rel. Emor Test Set Count Configuration =
» el o B 1.0000 00346 83 09965 11534 8
al 1 8 0.9999 0.2075 87 0.9989 0.5685 87
al 2 7 0.9522 5.0360 96 0.8307 6.0422 9%
al 3 6 039174 6.6239 96 08754 8.0867 96
al 4 5 0.8662 8.1206 96 0.8201 93182 9%
al 5 4 0.7770 10,6470 98 0.7403 11.4735 98
al 6 3 0.7289 10.9869 98 0.6938 11.6087 98
al 7 2 06148 127676 98 0.5652 136104 98
al 8 1 0.5188 13,6461 98 0.4877 13.9365 98 X
a2 0 9 1.0000 82 0.9024 82 -
a2 1 8 1.0000 83 0.8277 a3
a2 2 7 1.0000 83 0.9398 83
a2 3 6 1.0000 83 0.8277 a3
a2 4 5 1.0000 :<3 0.9518 83
a2 5 4 1.0000 87 0.5770 87
a2 6 3 1.0000 87 1.0000 87
a2 7 2 1.0000 87 0.9885 87
a2 8 1 0.8041 97 08144 97 X
a3 0 9 0.9959 1.5694 85 0.8955 83115 85
a3 1 8 0.9967 1.4704 89 0.9352 6.5252 89
al 2 7 0.5246 70422 98 0.8390 9.3952 98 .
Configuration
Remave Inactive Inputs Selection by
Create  yes o Correlation Error Documentation
Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12  Outputs / Outputnodes: 5/7 Calculation time: 13.38 s

BEEREOR The network created is now the one with the fewest inputs. The
corresponding configuration is marked by an X in the “Configuration” column.
However, in general this is not the optimal configuration (especially not for every
output).

Using the mouse (by clicking in the Configuration column), a desired configuration can now
be selected for each output. Alternatively, the optimal configuration for all outputs can be
selected by pressing the Correlation or Error buttons. This configuration is then created
by pressing the Create button. The entire process can be documented using the
Documentation button.

Further action:
a) First press the “Error” button:
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ﬁ NN-Tool 2024 - C:\Users\info\Documents\NN-Too\CLASS6 - [Input Optimization] - O X
g File DataAnalysis Network Training View Extras  Online-Applications Window  Help -8 X
S ARG FL A ONESY E0RE 96
Configuration  Resuls | Switch Off Hstary |
Switched Off Remaining Corr. Train. Set % Rel. Emor Train Set Count Con. Test Set | % Rel. Emor Test Set Count | Corffiguration
L 0 9 1.0000 0.0846 83 0.9965 1.1534 83
al 1 3 09999 0207 87 09989 05685 87 X
al 2 7 0.9522 5.0360 96 0.9307 6.0422 96
al 3 6 09174 66239 £ 0.8754 8.0867 9%
al 4 5 0.8662 8.1206 9% 0.8201 93182 96
al 5 4 07770 106470 98 0.7403 114735 98
al 6 3 0.7289 10.9869 98 0.6938 11.6087 98
al 7 2 06148 127676 98 0.5652 136104 98
al 8 1 05188 136461 98 0.4877 13.9365 98
a2 0 9 1.0000 82 09024 82
a2 1 3 1.0000 83 09277 83
a2 2 i 1.0000 83 0.9398 8
a2 3 6 1.0000 83 09277 a3
a2 4 5 1.0000 83 0.9518 E:xd
a2 5 4 1.0000 87 05770 87
a2 6 3 1.0000 87 1.0000 87 X
a2 7 2 1.0000 87 0.9885 87
a2 8 1 0.8041 97 08144 97
a3 0 9 0.9959 1.5694 85 0.8955 83115 85
a3 1 8 0.9967 14704 89 09352 6.5252 89 X
al 2 7 0.5246 7.0423 98 0.83%0 9.3952 98
G R
Remove Inactive Inputs —— Selection by
( Crente e ‘& ( Corelation | Bor | Documentaton |
Parameters: 17 Records: 100  Inputs / Inputnodes: 9/12  Outputs / Qutputnodes: 5/7 Calculation time: 13.38 s

This means that the optimal configuration with regard to the error is selected for each output,
which can be seen in the X positions.

b) Then press the “Documentation” button. An Excel folder is created that records the entire
process.

c) Finally, press the “Create” button. Only then will the selected configuration be created.

ﬁ NN-Tool 2024 - C:\Users\info\Documents\NN-Too\CLASS6 - [Model Accuracy] - O X

l'g File DataAnalysis NetworkTraining View Extras Online-Applications Window Help - 5 X

No. | Outputs Cormelation Rel. Emorin % Abs. Ermor al-Coeffici a1-Coeffici Count
1 al 0.9989 0.5685 0.3077 0.3332 1.0057 87
2  Classa2 1.0000 87
3 ad 0.9352 6.5252 3.1288 0.4996 0.9693 89
4 ad 0.9246 6.5049 1.879% 3.4863 0.9601 89
5 96

Scatter Plot Line Diagram Histogram Excel

Parameters: 17 Records: 100  Inputs/ Inputnodes: 9/12  Outputs / Outputnodes: 5/7 Calculation time: 2.01 s

The result is a network that is significantly improved in terms of model accuracy. The
input-output assignment shows the configuration created:

36



NN-Tool 2024

g% NN-Tool 2024 - C:\Users\info\Documents\NN-Too\CLASS6 - [Data Analysis]

ogl File DataAnalysis Network Training View Extras Online-Applications Window Help

Sga AR FAXTNEY EOEE €€ G

Data Analysis | Training Parameters "OASS‘QHMGNW Training Set / Test Set Allocation |
el e2 el ed e5 e
b al x [ X X X X
2 x I I I -
X X X X
X

al X X
X X

X X X X
s N N - x

6 e7
X

X

Active Mono Passive

Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12 Outputs / Outputnodes: 5/7 Calculation time: 2.01 s

Finally, the “Automatic Documentation” option is recommended again.

Hints:

1) Common Error: It is easy to press the Create button without first selecting the optimal
network configuration. In this case, the network is generated with the minimum number of
inputs. This generally shows very poor model accuracy. Then the input-output assignment
must be reset and the entire process repeated.

2) If the input parameters are incomplete, the number of data sets available per output can
change due to the sequential switching off of inputs during the process. This may also change
the learning and test set allocations. In order to obtain statistically valid results in these cases,
the use of cross-validation is recommended.

Additional options:
e Switch-Off History tab: The table indicates in which step of the process the respective
input parameter was switched off.

e Switch-Off Complete Inputs: With this option, those inputs whose maximum influence
on all outputs is the lowest are determined and then switched off completely for all
outputs.

e Show Training Progress: If you select the “ Show Training Progress no” option, the NN-
Tool learning algorithm runs invisibly in the background. The progress bar is (for
technical reasons) only updated after a complete learning process. So it may take a while.

e Weighting: By setting the two possible options “Input Correlation” and “Records Count”,
a weighted criterion is applied to determine the inputs to be switched off. The following
evaluation formula applies to the i-th input parameter:

P(i)=10- Al (i) + o.- MC(i)+ B - RDC(i)

The performance P of the i-th input results from the 10-fold weighted absolute influence
“Al” of the input on the output currently being viewed (or on all outputs with the “Switch-
Off Complete Inputs” option) and the penalty terms ,,MC” (= maximum correlation of the
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i-th input to the other active inputs) and “RDC” (= relative data count = number of
occurrences of the i-th input / total number of data records), weighted with the parameters
o and B. Since the lowest possible correlation between the inputs is desired, the
parameter o should of course be chosen to be negative. These two values can be specified
in the user interface. If the corresponding check mark is not set, the associated parameter
IS set to zero. Then the inputs are switched off based only on their influences.

In the next chapter we will look at a special model structure that is particularly interesting for
the topic of “Predictive Maintenance”.
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7. Data Reconciliation and Predictive Maintenance

This NN tool component makes it possible to automatically monitor a large number of
measuring points in a process or large-scale system. The following goals should be achieved:

Monitoring of all relevant measuring points of processes / systems / subsystems.
e Data Reconciliation: Correction of measurement errors.

e Calculation of missing measurements.

e Predictive maintenance: early detection of impermissible operating states.

e As little engineering effort as possible.

Method: Combination of neural networks and principal component analysis (nonlinear
PCA). The essential approach is based on the usually strong redundancy of the measured
values.

Simple example: At a branch of the following form

ms

the formula m; = m, + m5 applies to the mass flows. The physical quantities m1, m2, m3 lie
in the 2-dimensional area (subspace) defined by m; = m; —m, . So we have 3 measurements

with only 2 degrees of freedom. These surplus (redundant) measurements can be used for
measurement data monitoring (Data Reconciliation).

In a large-scale plant you usually have the following situation:

e Numerous redundant measurement variables.

e Existing physical relationships reduce the degrees of freedom.

e Number of degrees of freedom f is significantly smaller than the number of measured
variables.

e Process status already clearly determined by f measured values.

e Use of additional measured values for measurement data monitoring.

e But model required:
— Physical model
— Statistical model from measurement data
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We now want to automatically create a measurement data monitoring application (“data
reconciliation application”) based on measurement data with the least possible engineering
effort. The approach consists of a combination of principal component analysis (PCA =
Principal Component Analysis) with neural networks. The starting point is the so-called
correlation matrix (see also appendix: Special functions for data analysis and
preprocessing). The following applies:

» Correlation matrix consists of the correlation coefficients of each measurement variable
with each other.

« Principal component analysis (PCA): Determination of the eigenvalues and
eigenvectors of the correlation matrix (linear algebra).

» Eigenvalues of the correlation matrix are the key to determining the number of degrees of
freedom of the process.

« Eigenvectors for the largest eigenvalues form (linear) optimal state variables of the
process.

» Measurement data monitoring results from the back calculation of all measured
variables from the eigenvectors.

« Back calculation can be done linearly (classic PCA) or non-linearly using neural
networks.

We use PCA to determine the eigenvalues of the correlation matrix. The eigenvalues contain
the essential information about the degrees of freedom of the system, i.e. how many variables
can really be specified independently. The following diagram shows the situation with a
steam turbine:

Steam Turbine, Eigenvalues %
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000
0,000 I [ T T
1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

e More than 60 measurement variables. So there are correspondingly many eigenvalues.
The diagram shows the progression for the 30 largest eigenvalues.
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But only about a dozen relevant eigenvalues/degrees of freedom. The first 11 eigenvalues
already contain more than 95% of the total eigenvalue strength.

The remaining eigenvalues essentially only represent the measurement noise. The
corresponding components can be neglected.

The measured variables can then be reconstructed from the eigenvectors to the relevant
eigenvalues. This means that the system is already determined by specifying 11 values.

Method:

1. Load and analyze file with process data.

2. Calculate correlation matrix.

3. Perform PCA.

4. Determine number of relevant eigenvalues (degrees of freedom).

5. Compute transformations to the eigenvectors (and back).

6. Expand process data to include coordinates in the eigenvectors.

7. Create neural network model from the coordinates to the measurement data.

8. Link transformations and network model to the finished measurement data monitoring

©

application.
Couple application with process control system.

Points 1. to 8. can now be carried out automatically using the NN tool component Data
Reconciliation. A corresponding library is available for coupling (point 9.). The procedure is
explained below using the example file “DataRec_Demo.xlIs” in the NN-Tool directory. The
Excel folder contains the spreadsheets “DataRec_Demo” and “DataRec_Error_2”.

First create the corresponding .pat files.
Now open DataRec_Demo.pat, set the “Date Time” parameter as an marker
(important!!), and carry out the analysis:
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gfe NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\DataRec_Demo - [Data Analysis] =i O X
gl File DataAnalysis Network Training View Extras  Online-Applications Window  Help -8 X
Sk ARG 0 08
{Data Analysis | Training P | 10-Assi | Training Set / Test Set Alocation |
P: Min Max Mean Stddev Median Complete Ti 1/0 A/P | Available

i) DateTime Marker 200 Lin M P

2 |P &4 -1.3157 0.6836 -0.2650 0.4304 -0.2793 200 Lin | A

3 |P 2 -1.1589 0.2967 -0.3448 0.2943 -0.3491 200 Lin | A

4 P; =3 -1.5678e-03 | 1.6317 0.7002 0.3180 0.6797 200 Lin | A

5 |Pi 4 0.2572 1.8329 0.9501 0.3436 0.9469 200 Lin | A

6 P: ih -1.7866 -0.5923 -1.1543 0.2606 -1.1381 200 Lin 1 A

7 |P r 6 -1.5843 0.8323 0.2615 0.4627 -0.2597 200 Lin | A

8 |P: ar -0.2091 2.8237 1.0884 0.5458 1.0753 200 Lin | A

9 P. 8 -1.5959 0.1381 -0.6433 0.3503 -0.6471 200 Lin | A

10 | P: £2) -0.1786 1.4888 0.5972 0.3696 0.5782 200 Lin 1 |A

1 [P 10 -0.9098 0.1516 -0.3279 0.2254 -0.3106 200 Lin | A

12 | 11 10008 | 20391 08397  |053%5 (05360 | 200 | Lin I A

13 | Pe 12 -2.8213 1.5599 -0.4747 0.7975 -0.4254 200 Lin | A

14 |P 13 23921 (20867  |-0.1637 | 0.8944 01905 [200 Lin I |A

15 | Pe r_14 -2.4890 42384 0.6536 0.9444 0.6388 200 Lin | A

16 | P r_15 -3.5764 1.8320 -0.6284 0.74% -0.6160 200 Lin | A

17 |P 16 17485 22105 |0.8483  |06682 (08916 |20 Lin A

18 | P 17 39572 (30860  |-13486 (11372 14838 |200 Lin I A

19 [P 18 24516 |3.4683 1.2891 0.9552 13976 200 Lin I |A

20 | Parameter_19 -4.0735 2.5880 0.5087 1.0209 0.5461 200 Lin | A

Switch-Off by Numbers | Define User Module

tin | Auto-lnputs |

Output | Passive | 7 | e | Manual Classifier |
sg | aitn | o |

Line Chart

Parameters: 20 Records: 200

The application contains 19 numerical parameters between which mathematical
relationships exist. Which? How many? Initially unclear.

Now start the “Data Reconciliation” item in the “Network Training” main menu. All
active numerical parameters are included (here 19). Classifiers can currently not be taken
into account. The following window appears:
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ﬁ NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\DataRec_Demo - [Data Reconciliation - Definition]

gl File DataAnalysis Network Training  View

ShAND S0 0@

Extras  Online-Applications

Window Help

Status Numerics I

Numerical Parameters

0
1000
0.001

PCA - Reconstruction Accuracy

NN - Max Inner Nodes

100 NN - Max Training Steps

Distribution of Records

" Every n-th Record in Test Set
@ Coherent Test Set

" n-fold Crossvalidation Cyclic
" n-fold Crossvalidation in Blocks

Initial Weights

* Standard (=0) " Variant

PCA - Maximum Number of lterations

PCA - Set Degrees Of Freedom, 0 = Automatic Determination

NN - Fraction Test Set/ n-fold Crossvalidation

V¥ MultiThrezding

Create New Application

Application Name

Percentage

|DataRec_Demo_PCA

95 Degrees of Freedom

Create Datarec App |

Parameters: 20 Records: 200

uses Accord. NET under GNU LESSER GENERAL PUBLIC LICENSE (LGPL) Version 2.1

Here you can first set some numerical parameters of the method:

First you have to decide whether you want to set the number of degrees of freedom
directly (“PCA — Set degrees of freedom” option) or whether the number of degrees of
freedom should be determined automatically based on the specified percentage. A
percentage of 95% (as in the example) means: “Consider so many eigenvalues that the
summed first f many eigenvalues exceed 95% of the total sum of the eigenvalues”. This
option is recommended.

The two options “PCA - Maximum Number of Iterations” and “PCA -
Reconstruction Accuracy” regulate the procedure for calculating the principal
components if a data set is incomplete. In this case, the calculation can still be carried out
as long as there are more measured values in a data set than the number of degrees of
freedom f. Example: 19 measuring points with 6 degrees of freedom means that a single
data set can still be monitored if it still has at least 7 measured variables, i.e. the set may
have a maximum of 12 missing measured values. However, in the case of missing
measured variables, the calculation requires an iterative numerical procedure, which is
controlled by the parameters mentioned.

The other parameters then control the learning algorithm of the neural network in the
usual way. Since the data in typical applications are usually consecutive measurements,
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the options “Coherent Test Set” or, if the data sets are not too large, the option “n-fold
Crossvalidation in Blocks” are recommended.

e Select the “Crossvalidation n-fold blockwise” option and press the “Create Datarec
App” button. The system then carries out the necessary procedural steps

ﬂ'g NN-Tool 2024 - C\Users\info\Documents\NN-Tool\DataRec_Demo_PCA_Net - [Data Reconciliation - Definition] - ] x

gla Fle DataAnalysis Network Training View Extras  Online-Applications Window  Help - 5 X

S AR FA ALEN EOEE €0

Status I Numesics |

Read Datafile _ 3.00e-03s A
Analyse Data - 4.99e-03s

Calculate Correlation Matrix _ 004s

Execute PCA _ 002s

Set Transformations _ 002s

Calculate Trainingdata - 001s

Neural Network Training 426s

Save Data Reconciliation Model 1.99e-03s

Data Reconciliation Application:
C:\Userslinfo\Documents\NN-Tool\DataRec_Demo_PCA DataRec

has been created!

Eigenvalues / abs / percent / cumulative

EV_1 6568 34566 34566
EV_2 5258 27673 62239 v

—Create New Appli

Application Name \Da1a Rec_Demo_PCA

Percentage |35 Degrees of Freedom |6

Create Datarec App | Open Net Start Application

uses Accord NET under GNU LESSER GENERAL PUBLIC LICENSE (LGPL) Version 2.1

Parameters: 25 Records: 200 Inputs / Inputnodes: 6/6 Outputs / Outputnodes: 19/19 Total Calculation Time: 6.15 s

and then displays the determined number of degrees of freedom (here 6) as well as the
achieved model accuracy:
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ﬁ NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\DataRec_Demo_PCA_PCA_Net - [Model Accuracy] — ]
gk File DataAnalysis Network Training View Extras  Online-Applications Window Help

Sh AATEFAANEY E0ONE 90
No. | Outputs | Comelation Rel. Emorin % Pbs. Eror al<Coefficient a1-Coefficient Count
1 09885 24952 0.0439 -3.256%-03 0.9832 200
2 09825 3059 0.0445 -9.0488-03 09764 200
3 09767 14727 0.0567 0.0314 0.9539 200
4 09701 42756 0.0674 0.0449 0.9541 200
5 08916 3.1350 0.0972 0.2048 0.8248 200
3 05885 24051 0.0581 78374203 09639 200
7 0.5743 31408 0.0953 0.0330 09657 200
8 0.9633 40863 0.0709 00438 0.9329 200
9 09841 31108 00519 00158 0.9754 200
10 0.9744 34746 0.0369 00154 0.9439 200
1 0.9905 19192 0.0583 0.0156 05812 200
12 05954 12971 00568 4735203 05909 200
13 05347 14816 0.0664 -19154e-03 05915 200
14 0.9889 1.3068 0.0879 0.0149 0.9701 200
15 09932 1.1960 0.0647 -9.0346e-03 0.9826 200
16 0.9852 21334 0.0845 00313 0.9681 200
17 09884 18231 01284 00308 0.9800 200
18 09884 1.8547 0.1038 00273 08820 200
13 0.9926 1.1501 0.0733 0.0283 0.9639 200
Scatter Plot | Line Diagram Histogram | Breel |

Parameters: 25 Records: 200 Inputs / Inputnodes: 6/6  Outputs / Outputnodes: 19/19 Total Calculation Time: 4.90 s

Close the model accuracy window (you can open it again at any time with “Open Net”):
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ga NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\DataRec_Demo_PCA_Net - [Data Reconciliation - Definition] — O *

gg File DataAnalysis Network Training View Extras  Online-Applications  Window  Help - 8 X

Sga ARD FANXNEY E0EE €€

Status | Numerics |

Eigenvalues / abs / percent / cumulative
EV_1 6568 34566 34.566
EV_2 5258 27673 62239
EV_3 2519 13260 75499
EV_4 2175 11448 86947
EV_5 1283 6.755 93.702
EV_6 0548 2882 96583
EV_7 0236 1240 97823
EV_8 0097 0512 98336
EV_9 0.067 0354 98689
EV_10 0044 0234 98923
EV_11 0.039 0207 99.130
EV_12 0035 0186 99316
EV_13 0028 0.149 99465
EV_14 0026 0.138 99.603
EV_15 0021 0.108 99.711
EV_16 0019 0098 99809
EV_17 0014 0076 99.885
EV_18 0012 0062 99.947
EV_19 0.010 0.053 100.000

Create New Application

Application Name  |DataRec_Demo_PCA

Percentage |95 Degrees of Freedom IE

Create Datarec App | |

Open Net Start Application

Parameters: 25 Records: 200 Inputs / Inputnodes: 6/6  Outputs / Outputnodes: 19/19

uses Accord. NET under GNU LESSER GENERAL PUELIC LICENSE (LGPL) Version 2.1

As you can see from the illustration, the first 6 eigenvalues are sufficient to exceed the 95%

mark.

Now press the “Start Application” button and press “Start” in the new window:
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g% NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\DataRec_Demo_PCA_Net - [Data Reconciliation - Application] - O X
g'g File  Data Analysis Network Training View Extras  Online-Applications  Window  Help -8 X
56 ARDFH AONEN EOTE 900G
No. Input Meas. Values Corr. Values Delta Mean Abs. Er. Detta Rel. % Mean Rel. En. Ratio =
v N Poometer_t 06014 05535 00079 00433 03935 24953 01577
2 Parameter_2 06143 06412 00270 00445 1.8515 30594 0.6052
3 Parameter_3 0.8538 0.8713 0.0175 0.0567 1.06% 34727 0.3080
4 Parameter_4 0.5562 06130 0.0569 0.0674 36086 42756 08440
5 Parameter_5 -1.3891 -1.3035 0.0856 0.0372 7.1679 81349 0.8811
6 Parameter_6 0.0929 00417 00512 0.0581 21178 24053 0.8805
7 Parameter_7 1.1816 1.0573 0.1244 0.0353 4.1002 3.1408 1.3055
8 Parameter_8 -0.6043 -0.7280 0.1238 0.0709 7.1368 40863 1.7465
9 Parameter_3 1.0923 1.2100 0.1171 0.0519 7.0214 3.1106 22573
10 Parameter_10 -0.1949 -0.209 0.0147 0.0369 1.3875 34747 0.3993
11 Parameter_11 0.0257 0.0813 0.0556 0.0583 1.8299 19132 0.9534
12 Parameter_12 -16751 -1.7504 0.0753 0.0568 17183 12971 13247 7
13 Parameter_13 -0.2746 -0.2812 0.0066 0.0664 0.1472 14816 0.09%4
14 Parameter_14 1.9816 21812 0.1995 0.0879 2.9662 1.3068 22699
15 Parameter_15 -1.9642 17174 0.2468 0.0647 4.5633 1.1960 3815 -
< | »
Colour Factors——————
Start —
25 Record No. |Z5— Yellow Open Direct Threads |7 Seconds
Continue 1000 Timer Intervall (ms) | [20 Red Save I Excel | |
Data Reconciliation - Application
[c:\Users info\Documents\NN-Tool\DataRec_Demo_PCA DataRec
Input File
|C:\Users info\Documents\NN-Tool\DataRec_Demo_PCA pat
Output File
|C:\Users\info\Documents\NN-Tool\DataRec_Demo_PCA_Resuts pat
Parameters: 25 Records: 200  Inputs / Inputnodes: 6/6  Outputs / Outputnodes: 19/19 g

The data records are now successively read in from the “Input File” and corrected (columns
“Meas. Values” and “Corr. Values”) using the Data Reconciliation Application
“C:\Users\baer\Documents\NN-Tool\DataRec Demo PCA.DataRec” that has just been
created. The “Delta” column measures the difference. If the difference is too large in relation
to the model error, it is marked in color (here yellow). Since only the training data is initially
pushed through the system, there are hardly any deviations. Stop the process and now select
the “DataRec_Error_2.pat” file created at the beginning as the Input File and then start
again:

g NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\DataRec_Demo_PCA_Net - [Data Reconciliation - Application] - [m] X
g‘a File Data Analysis Network Training View Extras  Online-Applications Window Help -8 X
S ARD FAATNEY EOEE €96
Input Meas. Values Corr. Values Delta Mean Abs. Er. Delta Rel. % Mean Rel. Em. Ratio =
v [ perameter 1 01098 20 0.0003 00439 00128 24953 0.0051
2 Parameter_2 02520 -0.2502 0.0018 0.0445 0.1236 30594 0.0404
3 Parameter_3 0.7940 0.7256 0.0684 0.0567 41853 34727 1.2052
4 Parameter_4 07933 00175 00674 11094 42756 0.2595
5 Parameter_5 -0.9088 0.0226 0.0972 1.8898 81349 0.2323
6 Parameter_6 05343 0.0072 0.0581 0.3000 24053 0.1247
7 Parameter_7 21168 15473 0.1694 0.0953 5.5863 3.1408 1.7786
8 Parameter_8 03343 -0.2332 0.1011 0.0709 58314 40863 14270
9 Parameter_9 1.0186 1.0697 0.0511 00519 3.0618 31108 0.9843
10 Parameter_10 0.4556 05193 0.0637 0.0369 6.0034 34747 17277
11 Parameter_11 0.0378 0.05%0 0.0211 0.0583 06934 19192 0.3613
12 Parameter_12 03825 -0.3883 0.0057 0.0568 0.1307 1297 0.1008 [
13 Parameter_13 0.8307 0.8385 0.0078 0.0664 01737 14816 0.1172
14 Parameter_14 02014 -0.1933 0.0080 00879 01193 1.3068 0.0913
15 Parameter_15 0.0564 0.0526 0.0038 0.0647 0.0707 11960 0.0591 -
< | _>IJ
= [ RecodNo IZC:ILW Yellow Open | Direct | [ [ s Seconds

Continve 1000 Timer Intervall (ms) | [4.0 Red Save I Excelexport | |

Data Reconciliation - Application

- [C ‘\Users\info\Documents\NN-Tool\DataRec_Demo_PCA DataRec

Input File
= |C:\Users\info\Documents\NN-Tool\DataRec_Eror_2pat

Qutput File
E [c:\Users\irfo\Documents \NN-Tool\DetaRec_Demo_PCA_Resuts pat

Parameters: 25 Records: 200 Inputs / Inputnodes: 6/6  Outputs / Outputnodes: 19/19
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The blue highlighted cells in the Measured column indicate that the corresponding
measurement values are not available. From data set 11 onwards, massive measurement errors
occur in this input file:

gfe NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\DataRec_Demo_PCA_Net - [Data Reconciliation - Application] - O X
g Fle DataAnalysis Network Training View Extras  Online-Applications Window  Help -8 X
> =" ine &
S AMGFAAXNWEY E0TE €08
No Input Meas. Values Corr. Values Detta Mean Abs. Err. Detta Rel. % Mean Rel. Em. Ratio =
» Parameter_1 05927 -0.5889 0.0038 0.0439 01914 24953 0.0767
2 02000 00748 02748 00845 188771 30594 o2 |
3 Parameter_3 0.9040 09131 0.0092 0.0567 05614 34727 0.1617
4 Parameter_4 0.8892 0.8382 0.0510 0.0674 3237 42756 0.7571
5 Parameter_5 -1.2005 -0.9330 0.2675 0.0972 22.3979 81349 2.7533
6 Parameter_& 0.2960 0.4468 0.1508 0.0581 6.2406 24053 25945
7 Parameter_7 0.9881 1.0958 0.1077 0.0953 35502 31408 11304
8 Parameter_8 0.4264 -0.4674 0.0410 0.0709 23667 40863 0.5792
9 Parameter_9 0.4756 0.4209 0.0547 0.0519 32777 31106 1.0537
0 Parameter_10 0.4365 -0.4547 0.0183 0.0369 1.7202 34747 0.4951
1 Parameter_11 0.9303 0.9951 0.0043 0.0583 0.1400 19192 0.0730
12 Parameter_12 06534 0.6182 0.0411 0.0568 0.9388 12971 0.7237 B
13 Parameter_13 06133 05295 0.0838 0.0664 1.8700 14816 1.2621
14 Parameter_14 0.9402 1.0869 0.1467 0.0879 21803 1.3068 1.6685
15 Parameter_15 -1.1334 09703 0.1631 0.0647 30151 1.1960 25210 ﬂ
o |
Colour Factors
Start I
4‘ 23 Record No 5 Yellow Open | Direct Threads |7 Seconds,
Contine 1000 Timer Intervall (ms) | [£0 Red Save I™ Excelexport l |
Dsts Reconciliation - Application
|C:\Users\info'\Documents\NN-Tool\DataRec_Demo_PCA DataRec
Input File
. [c:\Users\info\Documents\NN-Tool\DataRec._Eror_2pat
Output File
. [C:\Users\irfo\Documents\NN-Tool\DataRec_Demo_PCA_Resuits pat
Parameters: 25 Records: 200 Inputs / Inputnodes: 6/6  Outputs / Outputnodes: 19/19 i |

The color marking in the “Ratio” column marks the value that shows the greatest deviation
(missing/reconstructed measured values excluded).

All data sets can be forecast at once using the “Direct” button. At the same time, the ratio
values are shown in the following diagram:

gl NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\DataRec_Demo_PCA_Net - [Data Reconciliation - Application] - [m] X

g Fle DataAnalysis Network Training View Extras  Online-Applications Window  Help -8 X

S AN FAAXNLEY E0TE €06

— — —
Colour Factors
Seart 23 Record No B5 Yelow Open | Direct [ [0 Theads [7 035 Seconds
Stop Continu 1000 Timer Intervall (ms) | [4.0 Red e I Excelexport m [T a7

Data Reconciliation - Application

- |C \Users\info\Documents\NN-Tool\DataRec_Demo_PCA DataRec

Input File
. [c:\Users\info\Documents\NN-Tool\DataRec_Emor_2pat

Output File
g |C:\Users\irfo\Documents\NN-Tool\DataRec_Demo_PCA_Resuits pat

Parameters: 25 Records: 200 Inputs / Inputnodes: 6/6 Outputs / Outputnodes: 19/19
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Each line of the display corresponds to a data set, here in the range from 1 to 100. Further
records are displayed using the scroll wheel. If you move the mouse into the diagram, the
number of the corresponding data record (here number 70) and the parameter name are
displayed (here 11th parameter called Parameter_11). The colors blue, yellow and red have
the already known meanings, the color white corresponds to a measured value that does not
deviate too much from the calculated value (ratio < yellow value, i.e. green according to the
previous designation). Pink markings also appear. These indicate that the corresponding
measured value has left its training range. Such a measurement can potentially severely distort
the entire data validation. For this reason, it is not taken into account for data validation but is
reconstructed. By double-clicking or right-clicking on the diagram, you can get the line chart
of the corresponding parameter:

g NN-Tool 2024 - C:\Users\info\Documents\NN-Tool\DataRec_Demo_PCA_Net - [Parameter_12, Line Chart] - O X

85l File DataAnalysis Network Training View Extras Online-Applications Window  Help -8 X

S ARG FAXNEY EOEE 04

Parameter_12, R = 0.2947

-20

Data Range Grid

Copy from [1 o [200 I horizontal [ vertical

Parameters: 25 Records: 200 Inputs / Inputnodes: 6/6  Outputs / Outputnodes: 19/19

Here you can clearly see the effect of leaving the training range around record number 25.

Set the time interval to “1” and save the entire configuration under a file name of type
“.DataRecApp”.

After restarting NN-Tool, you can call up the application again in the main menu “Online-
Applications”, menu item “Data Reconciliation — Application”.

A corresponding .NET library is available for integration into online systems (available
upon request).

Hints:

e Currently the methodology can only be used for numerical parameters.

e If necessary, pre-filtering of the raw data is possible using the “Data File Filter”
functionality in the “File” main menu (see Appendix 13).

o If markers (identifiers) occur, they should definitely be marked accordingly, otherwise the
application module may cause inconsistencies with alternative test data sets.

e The Accord.Net library is used to carry out the principal component analysis. The use is
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restricted to the conditions of the “GNU LESSER GENERAL PUBLIC LICENSE”. The
conditions can be viewed in the appendix.
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8. Time Series

It is characteristic for modeling of time series that the models contain parameters at different
times. However, typically the measured data are there in a form that the measured values are
taken at certain measurement rates. Therefore the time delays occurring between the
parameters have to be processed as well. The procedure is explained on the example Zeit.xIs.
Start NN-Tool, create and open the data file. The following is an indication that (for
performance reasons) only the first 1000 records of the data are displayed.

Now choose the menu point Deactivate Markers:

g NN-Tool 2014 - Ci\Users\bae

ETQ File  Data Analysis  View  Extras  Multi Met Applications  Window  Help

HoH 8 €O
| Parameter | ¥
Datum Uhrzeit 4

Marker Active

Parameters: & Records: 1194

The first parameter “Datum Uhrzeit (Date Time) is of the type Date/Time, and so NN-Tool
would treat it as a classifier with more than 1000 classes, what we do not want. Therefore
deactivate this parameter and following execute the analysis:

[ s NN-Tool 2014 - C\Users\baer\Documents\NN-ToolZEIT - [Data Analysi
g% File  Data Analysis  Network Training  View  Extras  Multi MNet Applications  Window  Help
XSk AAT L QOSG
| 10-Assignment | Training Set / Test Set Allocation
P; Min Max Complete Available
Datum Unhrzeit Marker 1154
yl 102.2447 . 1154
y2 301.0150 . 1154
ul 380.0165 1154
u2 0.3524 . 1154
ud 50.0917 . 1134

Transformations
Switch-Off by Numbers | Define User Module

Active |
3 Manual Classifier
ey | Log Auto-Outputs —I

Histogram
Sig All Lin #
Line Chart |

Lin Auto-Inputs

Parameters: 6 Records: 1194
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With this problem there is a connection between the values y1 and y2 at the present time with
the values y1, y2, ul, u2, u3 at one time step in the past. The values have been measured
every 10 minutes, the measuring times are written in the column Datum Uhrzeit (Date
Time). Now the right time delays have to be included.

Close the window and execute Data Analysis/Time Delays:

NN-Tool 2014 - CA\Users\baer\ Tool\ZEIT - [Time Del =l
EE File  Data Analysis  Metwork Training  View  Extras  Multi Net Applications  Window  Help - B X

Xk 185 0 €9

| 0 1 /-2 3 |4 (85 |6 |7 |8 |5 |-10|-11([-12 13 |-14 [-15
X

ye X

ul X

uZ X

ul X

1 »

Xi- Switch Exit

Parameters: & Records: 1194

Determine the time steps by X/- Switch, where you want to insert the values. In this example
the values y1 and y2 are needed with 0 as well as with —1, the values ul, u2, u3 only with —1.
Due to certain reasons (in order to be able to reconstruct the deferred values at any time) NN-
Tool needs all values also with time step 0. So we are choosing at first all values with the time
steps 0 and —1 and later on we set the values passive which are not needed. Determine the
values correspondingly. Afterwards the window should look as follows.

a2 NN-Tool 2014 - C:\Users\baer\Dc

QE Eile  Data Analysis  Metwork Training  View  Bxdras  Multi Net Applications  Window  Help - B X
Rodk VAT F0 0O |
I 0 |1 |2 |3 |4 |H [6 [7 [8 (5 [-0[-11]92]-13[-14]-15
¥l XX - - - - -

¥2 XX

ul XX

u2 XX

ul XX

4 4

K- Switch Exit

Parameters: 6 Records: 1194
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With EXxit the settings become valid and you return to the window Data Analysis.

e e b I (e

QE File  Data Analysis  Metwork Training  View  Extras  Multi Net Applications  Window  Help

Nk 1805 F0 00

DETEMEWSI Training P! | |0-Assignmert I Training Set / Test Set Allocation

P: Min Max Mean Stddev Median Complete Transform. | /0 AP | Availzble
1 Datum Uhrzeit Marker 1154 Lin M P
2 ¥1 102 2447 508.9150 8255398 85.1929 8487028 1194 Lin | A
3 |yl (D 102.2447 | 908.5150 | 8255338 | 85.1929 848.7028 1183 Lin | A
4 |y2 301.0150 | 5444657 4312293 | 30.1647 430.5438 1194 Lin | A
5 |y2 (1) 301.0150 | 5444657 | 4312293 | 30.1847 430.5458 1153 Lin | A
6 |ul 380.0169 | 5004706 | 430.3818 | 28.9906 430.2661 1194 Lin | A
7 |ul (1) 380.0165 |500.4706 | 430.3818 | 2B.9506 430.2661 1153 Lin | A
8 |u2 0.3524 1009.5077 | 585.2508 1733952 | 544.0288 1154 Lin | A
5 |u2 (1) 0.3924 1009.5077 | 585.2508 1733552 | 544.0288 1153 Lin | A
10 |ud 50.0917 3596131 2277550 | 854305 237.8524 1134 Lin | A
11 |ud 1) 50.0917 359.6131 2277550 85.4305 237.8524 1193 Lin | A

Transformations
Input | Active | - Switch-Off by Numbers | Define User Module
Lin | Lute-Inputs |
Output | Erz=inn | Log | Ao | Manual Classifier |

Hist:
5 | am | _ teogam |
Line Chart |

Parameters: 11 Records: 1194

All parameters appear double now, at the present time value as well as a time step in the past
(-1). Observe that the values at time step (-1) occur more rarely as they cannot be determined
at the first record. Set the unneeded parameters ul, u2 and u3 passive at time step 0. Set the
values yl1 and y2 as output values. Now you should have 5 input values, namely all
parameters at time step —1 as well as two output values.

NN-Tool 2014 - C\Users\baer\Documents\NN-Tool\ZEIT - [Data Analysis @ﬂu_

QE Eile  Data Analysis  Metwork Training  View  Extras  Multi MNet Applications  Window  Help - 8 X
Sk A TN Q90

Data Analysis | Training Parameters | 10-Assignment | Training Set / Test Set Alocation

P Min Max Mean Stddev Median Complete Transform. 140 AP Available
1 Datum Uhrzeit Maricer 1194 Lin M P
2 |yl 102.2447 508.5150 825.5358 85.1929 848.7028 11594 Lin Q A 1153
3 ¥1 (1) 102 2447 508.9150 8255398 85.1929 8487028 1193 Lin | A
4 |y2 301.0150 544 4657 431.2293 30.1647 430.5458 1154 Lin Q A 1153
5 |y2 (1) 301.0150 544 46597 431.2233 30.1647 430.5438 1193 Lin | A
[ ul 380.0169 500.4706 430.3818 28.9506 430.2661 1154 Lin | P
7 ul (-1} 380.0169 500.4706 430.3818 28.9506 430.2661 1193 Lin | A
8 uZ 0.3524 1009.5077 | 595.2508 173.3552 544 0288 1194 Lin | P
9 uZ (-1} 0.3524 1009.5077 | 595.2508 173.3552 544 0288 1153 Lin | A
10 |ul 50.0917 3556131 2277550 854305 237 8524 1154 Lin | P
11 |ud (1) 50.0917 3596131 227.7550 85.4305 237.8524 1153 Lin | A

Transformations
nput | sctive | Suitch-Off by Numbers | Define User Module
Lin | Auto-Inputs |
Manual Classifier
Output | | Passive I Log | Aute-Outputs | —I

Hist:
= = _ Hewwem |
Line Chart |

Parameters: 11 Records: 1194 Inputs [ Inputnodes: 5/5  Outputs / Outputnodes: 2/2

Now change to the tab page ""Training Parameters’. Note that for the test set the option
,,Coherent Test Set* has been chosen. NN-Tool has set this option as the default for time
series. Alternatively, here comes the even stronger, but more numerical-expensive option **n-
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fold Crossvalidation in Blocks™ into account. Choose this option and start the learning
process. Note that now each output node will be calculated 5 times (for the 5 dynamically
created test sets).

' Dokumente und Einstellungen® fb'Starkmenii, Programme’N

22.394%
22.3687
22 .3484
22_.3241
22.3113
2236815
22.2935%
22.2867
78.8712
28.9548
7298217
292565
29.3368
29.3853
77.4847%
29.5428
796481
?9.7287
2973572
29.75%38
29.7783
297797
297761
297767

1
i
i
1
1
1
i
1
2
2
2
2
2
2
2
2
2
2
4
4
4
4
4
4

This is just the 2nd output with the third test set on a network with four internal nodes tested
after 60 training steps. The correlation coefficient for the 3rd Testset is 99.7767%. At last
determine the Line Diagram on the test set. The plot should look like:

QE MNM-Tool 2014 - CA\Users\baer\Documeni:

EE Eile  Data Analysis  MNetwork Training  View  Extras  Multi Net Applications  Window  Help N

Test Set, y2, R = 0.9893
600 - — meas. Values
— pred. Values
300 7
400 ] I
300 7 I
200 TG TZ00 T TS00 Y1400 T 1500 T 1600 1700 " 180n" 1900 17005 " 106"
Record
< |+
Diata Range Grid 1
Copy from |1 to [1193 [ horizontal [ wertical Reset
Parameters: 11 Records: 1194 Inputs [ Inputnodes: 5/5  Outputs / Outputnodes: 2/2  Calculation time: 12.42 5
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Also interesting is the following scatterplot:

gla NN-Tool 2014 - C\Users\baer\Documents\MN-ToolZEIT - [Test Set, y1, Scatter Plot]
— = e —

e 5 e |

QE File  Data Analysis  MNetwork Training  View  Extras  Multi Met Applications  Window  Help

- F X

Test Set, y1, R =0.9931, Y = 33.3188 + 0.9601 * X

predicted values
1000.00

900.00 4
300.00 +
700.00 4
600.00 -
300.00 4
400.00 4
300.00 4
200.00 4
100.00 -

0.00

0.00 10000 20000 '300.00 40000 50000 'ROOOD 70000  '800.00
measured values

Grid
Copy I horizontal [~ vertical

'900.00  '1000.00

Feszet

Parameters: 11 Records: 1194 Inputs / Inputnodes: 5/5  OQutputs / Outputnodes: 22  Calculation time: 12.42 s IJ

Question: what is the reason for the data oscillations at small values? Answer in the Annex

"Dynamic Simulation®.

Note: For larger data sets, we recommend network training with the “n-fold Crossvalidation

in Blocks” option in “Multithreading mode”.

After this introduction to model creation with the NN tool, the two application modules
“Control Panel” and “Optimization” are explained below. Further application modules can

be found in the appendix.
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9. Application Module Control Panel

The operation of NN-Tool application component Control Panel is explained by means of the
example of application class6 (see chapter 5). Start NN-Tool and load the created network
class6. Now choose the menu point Control Panel in the menu Extras.

F ™
g% NN-Tool 2014 - C:\Users\baer\Docume T 6 - [Control Pane [E=NEER

g% File  Data Analysis  Network Training  View  Extras  Multi Net Applications  Window  Help - 2 X

I Configuration I

2t A I 12.758
aZ rot
a3 A i 0336
ad 4 ] 99.753
a5 4 Il | 17.837
el 4] I 2
2 4] | 1
&3 A | 0
] 4] | 1
e5 4] | 1
6 A | 0
=7 A | 0
=8 suess vl
] A ] 1
Prediction with Copy Record to Excel Input Mode File
Error Estimation | Save Record | saved Iﬂ-— New Sheet | ' Scrollbars Open
& Single " Mult " Keyboard o 1

Parameters: 17 Records: 100 Inputs [ Inputnodes: 9/12 Outputs / Outputnodes: 5/7

In this application predictions of new records can simply be made by setting the sliding
controllers or in case of classifiers respectively over the option boxes. The numeric value of
the controller setting is indicated in the corresponding field. Alternatively, inputs can be set
on keyboard input mode. The settings serve to set the input values, the calculation of the
corresponding output values is made automatically (also scrolling). Additionally error
estimation can be demanded. Push the button “Prediction with Error estimation”. The
following display appears:
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g% NN-Tool 2014 - C:\Users\baer\Docume T 6 - [Control Pane [E=NEER

g% File  Data Analysis  Network Training  View  Extras  Multi Net Applications  Window  Help - 2 X

Control Panel IConﬁguEI‘tioI"I I

5 ] ] ST I |
2 o
5 " g s —
2 2 d i so.93e IS
a5 2 J i c.460 |INSE
el Kl 1 ] 4524
=2 4] I ] 5294
e3 K Il ] 5148
] 4 Il | 353
25 ﬂ J j 49 96
6 4 Il | 3663
o7 A Il | )
= = 3]
=5 A J | ]

T Brcdichonwith | [ Copy Record to Bxcel Input Mode File

i Error Estimation | e saved ID— New Sheet | & Serollbars Cpen

@ Single (" Mult © Keyboard Save |

Parameters: 17 Records: 100 Inputs [ Inputnodes: 9/12 Outputs / Outputnodes: 5/7

Estimated values are displayed for upper or lower deviations of an output parameter. In case
of classifiers the probability for correct classification is displayed (here 86.83 %0). For
error estimation known records of the training set are taken, which are “close to" the record
under consideration. The color indicates the validity of the estimation based on the number of
known records in the vicinity of the actual record (dark red — bad, ... , dark green — good).

If there are recipe components with the input values, these have to meet of course the Recipe

Constraint: Sum of concentrations of components = 100 %. Instead of always adding up the
values, the corresponding components can be defined over the tab page “Configuration”:
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I g% Eile  Data Analysis View  Extras  Multi Net Applications  Window - B X
Iy HES TOEE €9 G l

Control Panel  Configuration |

Parameters Type

1 el Recipe Component

2 ed Recipe Component

3 -x1 Recipe Component

4 ed Compensation Parameter

L eh Recipe Component

& eb Free

7 el Free

a (lass e Free

9 a9 Free

Free Parameter Recipe Component Compensation Parameter

Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12  Outputs / Outputnodes: 5/7

In the example the input values "el" to "e5" have been defined as recipe components. The
values "e6" to "e9" are furthermore freely changeable (e.g. temperatures and pressures).
Moreover the component "e4" has been determined as "Compensation Parameter”. That
means that the sliding controller for "e4" cannot be adjusted manually anymore, but is always
readjusted that way that the recipe side condition is met (if possible).

After switching to the tab "Control Panel™" and using the sliders the following picture results:
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a3 A | 3.986
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EE ENE ] 858
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= Kl ] 2 29.94
&5 A I ] 2404
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&7 A 0 ] 392
el sUESS vl
es 4] Il ] 353
Prediction with Copy Record to Excel Input Mode File
Error Estimation | Save Record | saved f— New Shest | & Scrollbars Open
Check Sum I 100 @ Single " Multi " Keyboard Save |

Parameters: 17 Records: 100 Inputs [ Inputnodes: 9/12 Outputs [ Qutputnodes: 5/7

The color tagged recipe components meet the recipe constraint now, what is also confirmed
by the field “Check Sum”. By means of the buttons "Save" and "Open" the configurations can
be saved or loaded respectively in .mix-files. By the button "Save Record” the results can be
transferred to Excel.
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10. Complex Optimization Problems — Recipe Optimization

10a) Application Range of the Optimizer

Under the menu Extras, NN-Tool makes available an environment for definition and solution
of complex optimization problems. The optimizer makes it possible to calculate optimum
recipes (mixtures) and operation points on the basis of a neural network created with NN-
Tool. With the optimization a lot of side conditions can be considered. For the input values
applies in detail:

e For each input value it can be determined whether it is also optimized or kept on its initial
value. With the optimization upper and lower limits can be fixed.

e The input values can be allocated to any component groups (e.g. group of catalysts,
stabilizers, flame-retardants etc.). For each of those groups upper and lower limits as well
as the maximum number of used components can be stipulated. Example: from the 20
available catalysts not more than 3 are to be used with a total concentration from 2 to 5
percent. At the same time exactly one flame-retardant with a concentration of 5 % is to be
used.

e Beside the recipe components further continuos values, e.g. pressure, temperature,
residence time, can also be considered, i.e. these values can either also be optimized or
kept on their default values.

e As further input values, additional classifiers can also be optimized. For instance the
optimum recipe together with the most suitable mixertype can be determined.

For the output values the following options are available:

e Detailed target values can be aimed or it is only prevented that certain quality features are
exceeded or fall short of. Moreover permissible band width can be stipulated.

e Classifiers can also be optimized: "calculate color neutral mixture with the following
further characteristics..."

e Recipe costs can also be optimized.

Three solution strategies are available, that offers different "creativity" to the system:

e The system creates the recipe to be calculated entirely from start-up (maximum creativity).

e The system proceeds on existing recipes, but it can replace used components by others.

e The system determines the optimum existing recipe and varies only the concentrations, i.e.
especially it does not replace any components (minimum creativity).

The consideration of recipe components is completely unnecessary. In this case the
system provides a calculation of optimum operation points.

! The real optimizer can run independently and therefore can also be used outside NN-Tool. (after corresponding license has
been granted). In the first place it is conceived for integrating in end user applications (especially databases) and does not
have a special user surface. Because the program is controlled over input files and is writing the results in an output file,
integration in any environments (e.g. Oracle databases) should be possible without problems.
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10b) Definition of Optimization Problems

The procedure for definition and solution of optimization problems is executed by means of a
recipe optimization with the application class6 (see chapter 5). Start NN-Tool and load the
created network class6. Choose the menu point Optimization in the menu Extras.

g% File  Data Analysis  Metwork Training  View  Extras  Multi Net Applications  Window  Help

MO 1@ A NHEN EIEE €€ G

| Recipe Groups I Free Parameters I Target Values I Costs I Results I Options I

—Recipe Groups

Count ID Assigned Components ID Total Cancentration |1DD

—Free Input Parameters

Count IB Classifiers thereof I'I

Target Values

No. | Parameter

Optimization with Costs
 yes Costsfile

& no F:n—

| Open Start Optimization

Parameters: 17 Records: 100 Inputs [ Inputnodes: 912  Qutputs / Outputnodes: 5/7

At first we have to define the recipe groups, which have to be considered. Change to tab page
Recipe Groups.
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EE File  Data Analysis  Metwork Training  View  Extras  Multi Met Applications  Window  Help

Tk @A TN LEd EoEB €9 G

Overview i Recipe | Free Parameters | Target Values | Costs | Results | Options |

Inputs

Assign to Group |
_ re |

Parameters: 17 Records: 100 Inputs [ Inputnodes: 9/12  Qutputs / Outputnodes: 5/7

Define two recipe groups (RG_1 and RG_2). The parameters el, e2, e3 and e4 have to be
assigned to group "RG_1". The parameters e5 and e6 belong to group "RG_2" (at first define
the groups, and then assign the components). The group "RG_1" is to be allowed to vary over
the complete range from 0 to 100 per cent, but only have 2 active parameters (i.e.
components) maximally. This means for the group "RG_1" that maximally 2 of the 4 assigned
components are to be allowed to come up in the calculated recipe. The group "RG_2" is to be
allowed to vary from 20 to 80 % with 2 active parameters. Finally the window should look as
follows:
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NN-Tool 2014 - CAUsers\baer\Documents\NN-ToohCLASS6 - [Optimizatic

SE File  Data Analysis  Metwork Training  View  Extras  Multi Met Applications  Window  Help

HSH LG &R e TeEE ©0 G

|| Overview Recipe Groups | Free Parameters I Target Values I Costs I Results I Cptions I

MNo. Recipe Group | Recipe Group Name Aszsigned Comp. Max. Act. Comp.
4 2

2 2

=
=

Input Parameter | Mo. Recipe Group | Recipe Group Name
el RG_1
e2 RG_1
el RG_1
ed RG_1
eh RG_2
eb RG_2

el Free Parameter

Free Parameter

W e |~ | W N

el Free Parameter

Recipe Groups
MName IF{G_Z

Min. Conc. | 20 Max. Conc. | 80
Maximum No. Active Components I 2 Delete |

Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12 QOutputs / Outputnodes: 5/7

Go to the tab “Overview”. The tab indicates that 2 recipe groups have been defined and 6
components belong to them. Furthermore there are 3 other parameters (e7, €9 and classifier
e8). With the tab “Free Parameters” you can define limits for the other parameters. The
variation range of the parameters is used for default settings of limits. Adopt these settings.
Now specify the following settings for the output parameters by using the tab page “Target
Values”:

al =20
a2 = ,gelb*
a5>=20
ab<=35
Afterwards the tab page “Target Values” should look as follows:
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gl NN-Tool 2014 - CA\Users\baer\Documents\NN-Tool\CLASS6 - [Optimization

g% File  Data Analysis  Network Training  View  Extras  Multi Net Applications  Window  Help - 2 X
XS BT FLINEHN EEEE Q0

Overview | Recipe Groups I Free Parameters  Target Values | Costs | Results I Options I

Mo. Parameter Value Weighting

1 al = 0 1

2 aZ = aelb 1

3 ah = 20 1

4 ab < 35 1

Parameter Value

al |
Class a2 =
al >

Delete

Parameters: 17 Records: 100 Inputs [ Inputnodes: 9/12 Outputs / Qutputnodes: 5/7

By setting the weighting (positive number) the different meaning of the single optimization

targets can be taken into account.

With the recipe optimization the costs should be considered and therefore a costs file has to be
created. Change to tab page “Costs” and define the following costs:

el1=10
e2=5
e3=20
e5=30
Rest 0

That means that each % of the component el is assessed with 10 cost units, etc.

Save these costs in the file class6.cos.
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NN-Tool 2014 - C\Users\bae ments\NN-Tool\CLASS6 - [Optimizati W=

g% File  Data Analysis  MNetwork Training  View  Extras  Multi Net Applications  Window Help - & X

(RS & A F04 xTEH ZOEBE €06

I Crverview I Recipe Groups I Free Parameters I Target Values Costs I Results | Cptions I

Caosts per Input

el
ed
ed
ed
&5
eb
e’

28 suess

=8 sauer

=8 salzig
28 bitter
5

Save Costs File Open Costs File |C:\Users\baer\Documents\NN-Tool\CLASS6.cos

Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12 Outputs / Qutputnodes: 5/7

Now change to “Overview”.
Set as cost target value 2200 with the setting <" and weighting 1.

The main window should look as follows now:
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gf NN-Tool 2014 - C:\Users\baer\Documents\NN-TooNCLASS6 - [Opﬁmizam sl o=

EE Eile  Data Analysis  MNetwork Training  Wiew  Extras  Multi Net Applications  Window  Help - F X

Overview ] Recipe Groups ] Free Parameters ] Target Values ] Costs ] Results ] Options ]

Recipe Groups
Count |2 Assigned Components 6 Total Concentration  |100
I Free Input Parameters I
Count |3 Classifiers thereof 1 [
N
Target Values Il
Nao. Parameter Value Weighting :
1 al = 20 1
2 aZ = gelb 1
3 a5 > 20 1
4 ah e 35 1 |
Optimization with Costs
% yes Caostsfile |C:"-.Users"-baer"-.Documerds"-.NN—Tcu:-l"-.CLASSE.c:u:-s
| " no F 2200 ‘wleighting |1
Save | Open Start O ptimization
Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12  Outputs / Outputnodes: 5/7

With Options tab the numerical parameters of the optimization process can be influenced.

Principally the calculation method consists of three phases.

1. Determination of an initial recipe, fulfilling all side conditions. With that you can start on
the basis of System Initial Values (1% Option Initial VValue Search) or search for suitable
start recipes in the .ptp-file (Options Initial Value Search 2 or 3).

2. Optimization of recipe concentrations by means of an adjusted numerical procedure
(asymptotic CG-procedure, projected on the side conditions). With that so-called iteration
steps (gradient steps) are executed in order to minimize the so-called target functions. The
lower the value of the target functions, the more exact the targets will be achieved.
Typical number approx. 200.

3. Interchangesteps: The components in the recipe are replaced by more suitable
components. This step is not executed with the Option "Initial Value Search without
Interchange™.

4. The steps 2" and 3" are executed alternately (except with Initial Value Option 3).
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g NN-Tool 2014 - C\Users\baer\Documents\NN-Tool\CLASS6 - [Optir%em ESREERE

ﬁﬂg File  Data Analysis  Metwork Training  View  Extras  Multi Met Applications  Window - B X

lteration Steps |2I]'I]I
MNumber of Interchange Steps |2|}
Accuracy of Gradient |1 E-08
Minimum Reduction 1.2

Influence of Additional Parameters |D.D2

Min. Conc. displayed [1E-05

I I I S W W

Option= for Initial Value Search
(" System Initial Values
{* |nitial Value Search with Interchangs

" Initial Value Search without Interchange

Defaults

| Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12 Outputs / Outputnodes: 5/7

Iteration Steps give the maximum number of gradient steps between the interchange steps.
During the gradient steps only the concentrations of used components are changed.
Recommended range: 50-500

(higher value — longer calculation time, better results).

Number of Interchange Steps, i.e. number of operations with changes of used components.
Recommended range: 5-50
(higher value — longer calculation time, better results).

Accuracy of Gradient. The gradient is calculated by numerical differences. That is the more
exact, the smaller the value is. Too small values, however, lead to numerical instabilities.
Recommended range: 1.0e-8

Minimum Reduction. Demanded reduction factor of target function by gradient steps. The
algorithm stops, when after an interchange step no more sufficient reduction of the target
function could be reached by the following gradient steps. A value of 1.2 means that the target
value has to be reduced at least by a factor of 1.2, otherwise the algorithm has to stop. The
value has to be higher than 1.
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Recommended range: 1.01 - 2.0
(higher value — shorter calculation time, weaker results).

Influence of Additional Parameters. Weighting of additional continuous variables. If beside
pure recipe components, which can only assume values from 0 to 100 (indication in %) as
concentrations, additional continuous variables are optimized, these have to be transformed
appropriately (i.e. scaled in their amount) for coming in the same order like the components.
The maximum possible values of the transformed variable correspond to the reciprocal of the
indicated parameter. A parameter of 0.02 means that the transformed variable, regardless of

its original physical value, can assume only values from 0 to 50 (= %-02), or from — 50 to 50
for variables with different signs, during the optimization. In the result, of course, the variable
is re-transformed.

Recommended range: 0.01 - 0.2
(no clear influence on the calculation time)

Options for Initial Value Search. There are three possibilities for determination of this control

value:

1. The algorithm uses the start vector, which is included in the file nnoptin.dat. The
components can be replaced.

2. The algorithm looks for a suitable initial recipe in the file <application>.ptp, which fits as
good as possible to the side conditions and the target values. During the optimization the
components can be replaced.

3. The algorithm looks for a suitable initial recipe in the file <application>.ptp, which fits as
good as possible to the side conditions and the target values. During the optimization the
components are kept. With that the system can only vary already known recipes, but
cannot insert new components.

Adopt the default settings. Return to the main window "Overview" and save all settings in the
file class6.opti. Now push the button Start Optimization. The optimization runs as an
independent application (C-Program), also independent of NN-Tool. After finalizing the
optimization the following window is shown:
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View  Extras  Multi Net Applications  Window

nEae TeEE €9 G

Component % Cong.
el 8538

a4 48.310
e5 37.602
eb 5.550

—Value of Target Function
Initizl Deviation |5.2483

Reduction |2.59282+05

Free Parameter

- Final Deviation |0_0000

el

Costs
ed 1
’7ac11.|al |1213.4~32 nominal IZ'ZDD

Parameters: 17 Records: 100 Inputs /[ Inputnodes: 9/12  OQutputs / Qutputnodes: 5/7

The calculated values of the used recipe components are on the upper left side (only these
parameters fulfill sum = 100), and underneath are the values for the other parameters. In the
shown example the default values for the output parameters as well as the costs could almost
be achieved. That is shown by the value 0,0000 for the remaining final deviation of the target
function. The reduction value indicates how much the original value of the target function has
been reduced. By means of the button Excel the calculated solution can be transferred to
Excel.

Finally: Please inform me about occurred errors as soon as possible, also in case that
these are "only'" operating errors.

Email: info@baermann.de
Tel.: ++49 211 7489973 (answering machine)

Only this way the "last but one bug'* can be found.
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Annex 1: Experimental Design

The module Experimental Design (menu Extras) offers the prediction of a large number of
automatically calculated records.

fa N-Tool\CLASS6 - [Experimental Desig
EE Eile  Data Analysis  Metwork Training  View  Extras  Multi Met Applications  Window  Help

o @B TA RGN EEE €0©G

| Scan Hﬂ”QEI Target \r‘alu&sl H&mhsl

Mo. | Inputs
el

g2
el
ed
&5
eb

Mo. of Experiments IH]Z-l

Target Values

Mo, | Parameters

—Optimization with Costs
" yes Costs File

|
& no Flﬂ—

Save | | Start Calculation

Parameters: 17 Records: 100 Inputs / Inputnodes: 9/12  OQutputs / Outputnodes: 5/7

After calculation of possibly thousands of records a selection of records is made according to
the chosen target values.

A user-specified number of records regarding the most appropriate target values is displayed.
At first the so-called “Scan Range” has to be defined on which the analysis is to be made. Go
to “Scan Range”:
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EE Eile  Data Analysis  Metwork Training  View  Extras  Multi Net Applications  Window  Help - 8 X

MNo. Inputs Min. Maz. Steps &?r‘:lig:nem
| el 2.0000 56.0000 2 no

2 a2 1.0000 99.0000 2 no
3 el 0.0000 99.0000 2 no
4 ed 1.0000 59.0000 2 no
5 e5 1.0000 97.0000 2 no
3 eb 0.0000 59.0000 2 no
7 el 0.0000 93.0000 2 no
8 Class e8 Variable 4 no
] ed 1.0000 59.0000 2 no
—Scan Range

Mo. of Experiments W Recipe Components ID— Proposals |1DD—
—Set Values and Steps

ID— Apply | Min | Max | Mean |
— Define Recipe Components

Free Parameter | Recipe Component | Compensation Compon. | Total Concentration IH)D—
— Define Classifiers
= Apply |

Parameters: 17 Records: 100 Inputs [ Inputnodes: 9/12  Outputs / Outputnodes: 5/7

Here a minimum and a maximum value of the scan range have to be defined for all input
parameters. Furthermore the number of steps (levels) between them has to be defined. In a
setting such as for example 30, 60 and 3 the corresponding parameter is tested with 30, 45 and
60. Finally all combinations are predicted and the best regarding the target values are
proposed. The number of proposals can be adjusted in the corresponding field. Classifiers can
be tested on all classes (“Variable™) or a class can be given. Moreover parameters can be
defined as recipe components. In this case they must add up to total concentration (usually
100). This is realized by a compensation component (this should have the highest possible
range). An adequate configuration could look like this:
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Fun-rmu 2014 - CAUsers\baeADocuments\NN-ToohCLASSG

=g

1 EE Eile  Data Analysis  Metwork Training  View  Extras  Multi Net Applications  Window  Help - 2 X[
RSk AT FLATLEBH EOEE SSG

Owverview Scan Range |Target Values I Results I

MNo. Inputs Min. Maz. Steps &?r‘:lig:nem

1 el 2.0000 56.0000 4 yes

2 4 yes

3 4 yes

4 1 Compensation C.
5 4 yes

6 4 no

7 4 no

8 4 no

9 4 no

—Scan Range

Mo. of Experiments |65536 Recipe Components |5 Proposals |1DD

—Set Values and Steps

[2 spply | Min | Max | Mean |

— Define Recipe Components
Free Parameter | Recipe Component | Compensation Compon. | Total Concentration |1DD

Apply |

—Define Classifiers
] =

Parameters: 17 Records: 100 Inputs [ Inputnodes: 9/12  Outputs / Outputnodes: 5/7

Here are all the inputs will be evaluated on 4 levels with the exception of the compensation
component, which always needs to be adjusted so that the recipe condition "sum equal to
100% is met. A total of 65,536 variants will be calculated and the best 100 regarding targets
and costs will be proposed. The definition of costs and targets is analogous to the complex
optimization module. A required costs file has to be defined using the optimization module.

Note: Observe that with the definition of recipe components there is the possibility to specify
incompatible constraints. In this case, of course, a suitable dataset cannot be found.
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Annex 2: Automatic Documentation

This feature in the menu “Network Training” makes it possible to generate fully automatic
all relevant information for a network and to save it in an Excel-file. This also includes
graphics like scatter- and line plots.
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Annex 3: Batch File

Besides the usual graphical interactive operation, NN-Tool can so to speak be operated by
remote control over a so-called batch file (corresponds to a macro recorder). This is especially
interesting, when always the same network structure with always different datasets is to be
trained. Another possibility is the integration of NN-Tool in user specific applications.

A corresponding file has the extension .cob and can be created automatically after the training
process. By double-clicking on a .cob file, NN-Tool then carries out the entire modeling fully
automatically.

The feature can be found in the main menu “EXxtras”, menu item “Create Batchfile”

Note: This feature currently supports only static networks (i.e. no time series). However,
these can be shifted externally.
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Annex 4: Special Functions for Data Analysis and Preprocessing

In this chapter the special functions in the menu “Data Analysis” and the function
“Histogram” (start from window “Data Analysis™) are described. The functions “Data Chart”,
"Histogram", "Cross-Correlations™ and "Optimum Inputs™ serve for the more detailed analysis
of single parameters, for the automatic delay time estimation as well as for the determination
of optimum input parameters with networks having a lot of parameters.

A. Data Chart

With the window ,,Data Chart“ several selected parameters can be displayed simultaneously
depending on the record number.

T — T B
gfs NN-Tool 2014 - C\Users\baer\Documents\NN-Tool\ZEIT - [Data Chart] -.‘- =SSR
EE File  Data Analysis  MNetwork Training  View  Extras  Multi Net Applications  Window  Help - 2 X

Sk 105 50 €0
1200 1 =y
— )"2
Ml 1000 A - w2 I
||
I
800 b I
| |
600 T
|
400 T
il 200 1 l
1 [] T T T T | T T T T | T T T T
I 300 350
Record
Kl | 2
Representation l
Datum Uhreeit Data Range Scaled Values T
| vy from |457 to  [539 ® no " yes (" spec. spec
v y2 .
ul Grid Lines Configuration
Z ™ horizontal [~ veriea Save Open |
uld Reset
Parameters: 6 Records: 1194

If different parameters have different magnitude, we recommend that the option "Scaled
Values" or a specific scale (option "spec”) is used. Using the left mouse button allows to
select individual graphic points for detailed information. By pressing and pulling with the
right mouse button the graphic can be zoomed. The middle mouse button resets the zoom
option and all existing records are displayed.
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B. Histogram

The form “Histogram” describes the frequency distribution (histogram) of selected
parameters (Start from window “Data Analysis” by double-click on a parameter name). The
number or percentage of records, for which a certain parameter is assigned to a certain partial
interval, is shown above the position of the interval. The number of partial intervals can be
set.

"— — — |
gfa NN-Tool 2014 - C\Users\baer\Documents\NN-Tool\CLASS6 - [Histogram a1] -. - » - ol o

3?2 File  Data Analysis  Network Training  View  Extras  Multi Net Applications  Window  Help - 8 X

Count Histogram a1
30 -

% Interval
Transformation Relative Values Intervals |10 -
Copy & Lin  Log  Sig Accept W ¥-fxis ™ Y-Axis

Complete |98

ILParameters: 17 Records: 100 Inputs [ Inputnodes: 9/12 Outputs [ Outputnodes: 5/7
\,l—.—— —_—

Main application area: ldeally parameters should be distributed as even as possible over
their range, i.e. the interval from the minimum to the maximum value. l.e. in essence the
histogram should be constant on the optimum value (100% divided by the number of
intervals), which defines the so-called uniform distribution (not realized here). That is
especially important for a good training of output parameters. If single parameters (especially
output parameters) differ strongly from the uniform distribution, a suitable transformation
(e.g. transition to the logarithm of this parameter) should be taken into consideration.
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C. Cross-Correlations

A parameter is selected in the lower area and this form displays the correlations of all other
parameters to it.

' — — ™
gha NN-Tool 2014 - C\Users\baer\Documents\NN-Tool\ZEIT - [Correlations with yZZ_]l - _ [
o File DataAnalysis  Metwork Training  View  BExtras  Multi Net Applications  Window  Help N

ok 1@ 0 &0
Correlations with y2

Datum Uhrzeit

'-100.00 '-50.00 '0.00 '50.00 '100.00 '150.00

Parameters: & Records: 1194

b -

At first the correlation coefficient of each parameter is calculated with each other
(“Correlation Matrix”). With m parameters and n records the computing effort is large-

scaled proportional to m? - n, i.e. generally high.

After the calculation the correlations of all other parameters to a selected parameter can be
displayed. By the tab page "Correlation Matrix" the complete correlation matrix can be
displayed and if necessary transferred to Excel.

Main application area: The correlation coefficient is a statistical measurement whether two
parameters have much or little to do with each other. A correlation coefficient of +100%
means that the both parameters are completely linear dependent and that the increase of the
one always leads to an increase of the other. In case of —100% the both parameters are also
completely linear dependent, but the one decreases when the other increases and reverse. A
correlation coefficient near O indicates that there is at least no linear dependence between the
parameters. This information can be used for the selection of input parameters. With two
highly correlated input parameters (i.e. amount of the correlation coefficient near 100%) e.g.
one of the both can be omitted, because the other provides already the essential information.
This can be analyzed more exactly with the function "Optimum Inputs".
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D. Optimum Inputs

The function "Optimum Inputs™ requires that the input- and output parameters have been
already determined. Then the following form supplies

i — - — 5
g NN-Tool 2014-C:‘\Users\baer\Dou.lmenis‘\NN-Toal\TEST-[Cmss-CorreIations]’ - . Sas e L e S
E% File  Data Analysis  Metwork Training  View  Bctras  Multi Net Applications  Window  Help - 82 X
s WA LA XINEN EOEE ©0©G
Cross-Comelations l Correlation Matrix .‘_.0 l
Input Out Corr. In Corr. Count Evaluation
Komp4 3955 012 500 139.83
Komp3 3848 0.14 500 138.34
|| | Komp2 2774 0.24 500 127.50
Komp5 2400 4167 500 82.33
| Komp1 15.80 61.60 433 53.80
| Eigl ‘weighting .
vl Big2 Output Correlation |1
H Input Correlation -1 Chart
Count 1 Set Passive
\weighting Input Correlation
f* Max " Mean

Parameters: 9 Records: 500 Inputs / Inputnodes: 6/6 Outputs / Qutputnodes: 2/2

for every input parameter a value how important this parameter is for prediction of the
parameters selected in the lower area. The input parameter with the highest value is most
important for the prediction. Three criterions are included in the evaluation:

1. Out Corr.: mean absolute correlation of the concerned parameter to the outputs. Should be
as high as possible.

2. In Corr.: maximum or mean absolute correlation of an input to those other inputs, which
are valued higher regarding the both other criterions. Background: input parameters are
selected one after another according to their suitability for prediction. Another additional
input parameter should have as little as possible to do with those already selected, but provide
further independent information. Due to this reason the InCorr. of an input parameter should
be as low as possible. Therefore it is entered negatively in the total value.

3. Count: Number of appearing of the parameters in the datasets. A suitable input parameter
should occur in as many as possible records. Occurring in all records results in a number
value of 100, occurring in 20% of the records results in a number value of 20.

The three criterions are weighted by the indicated weighting factors and result in the total
value (“Evaluation”). The total value can also be negative. An input with a total value of —30
is less suitable than one with —10 or +5. The button "Show" makes a recalculation possible
after replacement of the selected output parameters or changes of the weighting factors.
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"Chart" supplies a corresponding diagram. With the button "Set passive® you have the
possibility to set every input passive that has too little ranking.

Main application area: In case of a lot of applications in the area of process modeling one
has to do with a large number of input parameters, which are strongly correlated to each other
(in case of recipe predictions this is mostly not so relevant). A unit is, for instance, equipped
with a lot of pressure- or temperature sensors, which are all measuring similar values. This
especially applies to time series. Then the same parameter occurs at different time delays. The
function "Optimum Inputs" allows for a systematical selection of those from the large number
of input parameters, which are especially suitable for prediction of outputs and are at the same
time not correlated to each other as far as possible. That can also be used for the automatic
delay time determination. For that you have to choose all possible time shifts in the time delay
editor and determine the most suitable finally. However, please observe the higher
requirement of time for calculation of the correlation matrix.

Important note:

In general, it is recommended to use the much more powerful “Input Optimization”
procedure (see Chapter 6) instead of this functionality. The input optimization run also takes
into account non-linear dependencies between input and output parameters.
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E. Data Interrupts

In Chapter 6, "Time series”, we had discussed the modeling of systems in which temporal
shifts occur between the inputs and outputs. Using the menu item ,,Time Delays® in the menu
data analysis, we had provided parameter columns with temporal shifts. Here we had made,
however, an improper simplification. It should be noted that the records in this example are no
coherent data stream, but that in the meantime interrupts of the data stream arose by
standstills of the plant. After the data analysis and before the time delays are assigned
these interrupts have to be determined. Choose in the menu Data Analysis the menu point
Data Interrupts:

g NN-Tool 2014-c:\users\bae.\Documnts\NN-Tooann-[Datam - =]
— - ' 4

QE File  Data Analysis  Metwork Training  View  BExtras  Multi Met Applications  Window  Help - 8 X

ok 1 AD &0 Q000

No. Datum Uhrzeit y1 y2 ul u2 ul o

O 431997 8000... [ 102.2447187506... |301.0149923169... [400.20315121521 |3.310994483846... |309.3900958607..

4/3/1997 8:10:0... | 131.2969372117... | 356.1247252236... | 400.03726283865 | 1002.458557633... | 307.60779091504 "

4/3/1997 8:20:0... | 160.3678466073... | 369.7989600965 |400.2424404307 | 1002.262668117.. | 303.7768496645...

4/3/1997 8:30:0... | 181.50382550893 | 372.66671864012 |400.0616046537... | 1002.499356347... | 308.2919545296... |

4/3/1997 8:40:0... |208.36870584173 | 377.2006683269... | 400.2865732366... | 0.828418057254... | 302.00701030125 I

4/3/1997 :50:0... |233.1714385747... | 382.3903025022... | 400.36838209138 |9.723658776493... | 302.1651139400.. i

4/3/1997 $00:0... |248.1982747773... | 389.4979717545... | 400.3808139148... | 1.582417968894... | 303.0401425095... 1

4/3/1997 9:10:0... |277.7328567567... | 398.8138955263... | 400.4951546642... |0.392429180217... | 306.1602489147...

4/3/1997 :20:0... |291.2078518013.. | 409.8068042595... |400.0818217285... |3.537195205894... | 300.9073870905... = |
{
H
H

o [l || e | G | R

Diata Interrupts

i
| Set New Value ; ’7
1 Show All . Delete Row News Bresk Point | D e Count |0

5

~ ;

| Delete Column Delete Break Point | IERTmE
| Save Ch Second B
|l SRS Delete Cell Content | Duplicate Column Automatic Determination | Minute -
|l

| |
| Parameters: 6 Records: 1194 '

It appears the already known window Data Sheet with the additional functionality of "Data
Interrupts™. The far right (initially empty) list shows the already specified interrupts using the
record number. Interrupts can be specified manually with the buttons ,,New Break Point* or
,,Delete Break Point“. If, for instance, an interrupt occurs between record 5 and record 6,
please select these records with the mouse in the first column and press the button ,,New
Break Point“. Enter a number of break points and then delete these again afterwards.

It is more efficient to determine the interrupt points by means of irregularities in the chosen
column. Choose the column “Datum Uhrzeit” (Date Time, it does not matter here that this is
a marker) by clicking in it and set the option numeric / Date Time on Date Time. It is useful
to choose minutes for time measurement, because the regular measurement rate is 10 minutes.
Important: "minutes” must not only be visible, but must also have a blue background.

Then push the button “Automatic Determination”. Then you will be asked to indicate the

regular time difference in the chosen time measurement. In this example the measurement rate
is 10 minutes:
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i
Time difference in minutes

Abbrech

1

Following you will be asked for the maximum permissible variation of time measurement in
% (e.g. due to manual timing). Enter here the value 30. That means: if two consecutive
records are not apart less than 7 minutes (= 10 minutes — 30 %) and not more than 13 minutes,
a data interrupt is assumed. In this example 4 break points (interrupts) have been found, listed
and color-coded.

Now you can continue with the modeling as described in the chapter ,,Time Series* by
defining the ,,Time Delays®“. The difference is that at the break points the time-shifted values
can not be established. Thus, at these points the records are incomplete and are (correctly) not
included in the modeling.
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F. Smooth Data

This functionality in menu Data Analysis allows adding additional columns with smoothed
values to the Patfile and save it as a new extended data file.

o e — —— W
gl NN-Tool 2014 - C:\Users\baer\Documents\NN-Tool\ZEIT - [Smooth Datal EEREEN
e —

ETE File  Data Analysis  Metwork Training  View  Extras  Multi MNet Applications  Window Help - & X

Mok 185 TN 0O

[7] Datum Uhrzeit
] 1
vl 2
| 0l
|| U2
|| u3

[ selectan | Select None Smoothing Parameter [os
0 =none, 1 =infinite smoothing

Output File
IC:\Users\baer\Documerrts\NN-TDDI\ZEIT_l:]I_ﬂﬂ'.pat

¥ Load after Creation Create |

Parameters: 6 Records: 1194

These additional columns contain the (temporary) smoothed original values. Of course this
makes sense only for time series. The degree of smoothing is determined by the smoothing
parameter; a value from O to 1 can be specified. The output file contains all the original
columns and smoothed versions of the selected parameters (classifiers and markers can not be
smoothed).
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G. Append Data Files

With this menu item in main menu File, it is possible to join multiple .pat-files to one large
.pat-file. Of course, the source files must have exactly the same parameters. This is especially
interesting for plant modeling, when one data file is created per day and you want to use the
data from several days to create a data model.

H. Reduce Datafile

This functionality in main menu File allows to select from a .pat-file only every nth record
and to create a reduced .pat-file. This can be of particular interest for very large data sets
(many thousands of records) with a low variation in successive records. The data reduction
allows for a faster overview of the modeling process.
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Annex 5: Outlier List

This component allows for the automatic determination of doubtful records. All records will
be listed which have an especially large error between the predicted and the measured value
(outlier). As a measure for the error the mean error on the test set is multiplied with an error
factor (e.g. 2 or 3). Each record with a larger error than the double or triple of the mean error
is determined by pushing the button "Calculate". Following the records can be tagged (button
Select). Recently, a new reduced .pat-file can be created in which the tagged records are
missing. With this new data file the network can be trained again.

Note:

Dynamic data sets are transformed to static data when the data is saved (this is necessary due
to consistency reasons).
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Annex 6: Validation Sets

A validation set is an independent dataset which is provided in a separate file (.vali-file) and
has to be predicted by the network. The structure of a validation file has to correspond exactly
to the structure of a .pat-file. Due to reasons of advisability one will fall back on the function
for creating .pat-files, provided by NN-Tool under Excel. The prediction is executed by
choosing the menu point “Prediction (Validationset)” in the menu “Network Training”.

This mechanism can also be used for prediction of new datasets. Then any values (e.g. 0) are
entered in the outputs (empty values are not allowed). After prediction the corresponding
single values can be written and analyzed in an Excel-file by the button Excel.
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Annex 7: Nonlinear Scaling Transformations

AT7a) Meaning of statistical distribution of input- and output values

In order to enable a neural network to learn optimally the mathematical connection between
different parameters, these parameter should be, if possible, distributed uniform over their
range (picture 1 approximate uniform distribution).
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In a lot of application cases single parameters (measured quantities) are, however, not at all
distributed uniform, but the measurements concentrate on certain points. The following
diagram (picture 2) shows a normal distribution with mean value 20 and standard deviation 4:
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Beside the normal distribution a concentration often occurs with very small values (picture 3):
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While the concentration of data points is partially still tolerable in the input parameters (here
the NN itself can provide for an equalization), such output parameters should be
retransformed at first in new, more uniformly distributed values. Presently, beside the linear
transformation (standard case) the both following transformations are available in NN-Tool:

1
a(x—my)

log(x) — log(min)
log(max) — log(min)

1. Sigmoid-transformation: Tg(X) =
l+e

2. Logarithmic transformation: T, (X) =

Min, max and m, mean the minimum and maximum values of the value x as well as its mean
1.6
standardde viation (x)

value. For ais valid: a =

The value 1.6 can be explained theoretically. The theory supplies: 4 =1.5958

J2r

After application of the Sigmoid-transformation on the normal distribution of picture 2 the
following distribution (picture 4) results for the transformed value:

87



NN-Tool 2024

18
16
14
12
10

Haufigkeit

o N M OO ©

Normalverteilung 20, 4 ; Entzerrung mit
Sigmoidtransformation

@ Haufigkeit
© o O < N < 0O ©O© T N 0 o W
O d N M 5 ¥ W © ~ S5 0O O
S o o o S o o o S o
Klasse

i.e. the new value is considerably more uniformly distributed over its range.
For the distribution of picture 3 the following results after application of logarithmic
transformation (picture 5):
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Also this value

is now distributed more uniformly over its range.
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AT7b) Application in NN-Tool

The transformations can be set manually in the data analysis window or in the window
histogram. However, the question arises when which transformation is to be applied.

Automatic Application:
Use the buttons ,,Auto-Inputs* and ,,Auto-Outputs® in the window ,,Data Analysis“ to
determine the suitable transformations. For this purpose, NN-Tool calculates two criteria:

_ Max —Min
' Stddev

_ Mittel — Min
2~ Median — Min

The median of a size x is a value for which 50 % of the values of x are higher and 50 % are
smaller. The median is different from the mean value (that can be realized by the example of
the financial circumstances of a billionaire and his three cleaning ladies).

NN-Tool sets the transformations, if one of the following conditions is met:

K, >5.7 = apply Sigmoid-transformation.
K, >25 = apply logarithmic transformation.

Note of the author: There is not much experience with this option yet. After first tests this
seems to be a very useful option with the output parameters. In case of input parameters the
use of non-linear transformations is more questionable, especially with recipe property
relations.
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Annex 8. Integration of previous Knowledge / Input Output
Assignment

The window Data Analysis offers the following options to integrate previous knowledge:

Tab Page 10-Assignment: Allows the assignment of input to output parameters. By default,
each active input parameter is used for modeling each output parameter. Using this feature,
NN-Tool can be instructed to ignore certain inputs with certain outputs, or to allow only pure
monotonous connections. A disabled input does not affect the number of complete records for
an output parameter. l.e. if a rarely measured input parameter for a given output is disabled, it
does not reduce the total number of records for this output.

Available Records: This information in the appropriate column of the data analysis window
displays in advance how many complete records are available for the learning process of each
output parameter. Where appropriate, some rarely measured inputs should be set passive, or
(using the 10-Assignment) should be switched off for certain outputs. With these actions you
can increase the number of complete records.
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Annex 9: Tab Page Training Parameters / Crossvalidation

With the tab ,,Training Parameters® in the Data Analysis window additional options for
learning can be set. These settings are particularly advantageously in critical applications
where the ratio of the number of complete records on the number of input parameters is small
(e.g. smaller 3). The most important measure is certainly the distribution of records. Here
crossvalidation options are of special importance for critical applications.

Distribution of Records: In some applications, the quality of the resulting network models
depends sensitively on which records have been used for training (training set) and which
have been used for testing. This is particularly the case when only a few records are available
or the records show a high correlation to each other (e.g., for time series applications). For
this reason, the following options for the portioning are available:

e Options: every nt" Record in Test set / Coherent Test Set: indicates how the records
of the testset are to be chosen from the available records for an output node. For test
series the option "Every n'" Record in Test Set" is more useful, for time series the option
"Coherent Test Set" should be preferred, because of the typically high correlation of
neighboring records. NN-Tool chooses the corresponding option automatically, i.e. also
here normally no change is necessary.

e Specific Distribution: Allows detailed assignment of every record to the test set or the
training set respectively by using the tab page "Training Set / Test Set Allocation™.
Furthermore it is possible to assign a weight to every record. This weight indicates how
often a record will be used (0 = record ignored).

e Crossvalidation: Allows using of multiple, dynamically created test sets for every
output. This option reduces the dependence of the resulting network structure from the
selection of a specific test set. If for example the value of the field n-fold
Crossvalidation is 5 then 5 partitions of learning and test set are made for each output
parameter. For each of these partitions, the entire test program in terms of internal nodes
and the training steps is executed automatically. Then, each output node will be trained
with the optimal network structure on all records. Finally, the individual sub-networks
will be joined to the overall network. Note: A specific weighting of records in tab page
"Training Set / Test Set Allocation” will also be taken into account using
crossvalidation. For the dynamic allocation of the records four different strategies are
available:

e n-fold Crossvalidation Cyclic: With this option and n = 5, the first dynamic test set
contains the following complete records: 1, 6, 11, .. the second test set consists of
records 2, 7, 12, .. etc. This partitioning is generally especially suitable for
uncorrelated data series.

¢ n-fold Crossvalidation in Blocks: In this option, and n = 5, the first dynamic test set
contains the first fifth of the records, the second test set contains the second fifth, etc.
This partitioning is generally particularly suited for time-dependent data (time series,
see next example).

e n-fold Crossvalidation Random: In this option, and n = 5, each of the five test sets
consists of records which are assigned to the test set with a probability specified in
the field %-Fraction. In this mode, no final assessment of the test set accuracy can be
carried out (only training set).
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e Crossvalidation Leave-One-Out: The extreme case "Leave-One-Out" creates as
many different test sets as there are complete records for the output under
consideration. In this case every test set consists of only one record (no correlation
information is possible during training runs). This mode is by far the most expensive
in terms of calculation time, but can - at least for uncorrelated data — achieve the
highest model accuracy. Especially for small data sets of (hopefully) uncorrelated
test series suitable. In time series, this option - because of the generally high
correlation of records among each other - is not recommended.

The following option is often useful for correlated data:

e Error Rating in %: As already mentioned NN-Tool tests for each output parameter singly
the optimum net configuration with different numbers of training steps and inner nodes.
Finally the net is used which achieves the best prediction precision on the test set.
Normally for that the mean relative errors of the single nets are compared. With this option
punishment terms can be additionally put on networks having a lot of inner nodes. A value
of x > 0 with this option means that the mean relative error of a fraction net with n nodes is
multiplied by a factor of 1+ (nx / 100). This will be used for the network choice. This
option is of importance, when a high correlation of testing records with corresponding
training records has to be assumed. In this case the test set error itself does not offer a
sufficient basis for assessment.
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Annex 10: Dynamic Simulation

This application in the main menu "Extras" allows the simulation of time series. It is quite
analogous to the window "Data Chart" (Annex 4). Please make yourself familiar with this
application first. Then load (or create) the network zeit.dsc as described in chapter 6. The
application ,,Zeit“ is a so-called autoregressive model. Autoregressive means that at least one
of the outputs also occurs as an input, then of course at an earlier time. I.e. the modeling of a
parameter is based (partly) on the same parameter (hence the "Auto"). The system ,,Zeit*
would be e.g. non-autoregressive, if the inputs would consist of the u-parameters only and the
output only of the y-parameters. Autoregressive is not necessarily identical to the occurrence
of time delays. Autoregressive models always use time delays, but not every model with time
delays is an autoregressive one.

Why is this characterization important? If simulations are carried out using an autoregressive
model, you will usually predict the outcome for certain specified data histories of input
variables. If more than one step in the future has to be predicted, the model must be applied
repeatedly. So the outputs in the previous forecast step (here y) must be used as inputs in the
next step. l.e. from the second step, the simulation is, in contrast to the original model, no
longer based solely on measured data. The further one predicts in the future, the more often
the calculated values, which may include model error, were used. This means that
autoregressive models are dynamic systems in the mathematical sense, while non-
autoregressive models are simple functions. Specifically autoregressive models bear the risk
that the model error is more and more increasing, the further you predict in the future. In this
case, the simulation is described as unstable. This effect can occur variably, you should at
least be aware of this possibility. Now open the application "Dynamic Simulation”. First you
will be asked for a file, because the simulation can be made in principle with each data file
having the .pat-file format (for example, when new data sets of the process are available).
Select zeit.pat. If the system is autoregressive, the following alert indicates the possibility of
an unstable simulation.

Systemn is autoregressive and simulation might be unstable. Check with button
Autoregr. !

In the case of autoregressive models a corresponding stability test should be carried out with
the button ,,Autoregr.© (see below). After confirming the message, the following window
appears:
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The window is, with few exceptions, identical to the window Data Chart. However for the
output variables not the measured values are presented, but predicted (calculated) values on
the basis of the input variables. These values are identical with the predicted values of the
,,Line Diagrams®. Note that this calculation is non-autoregressive, because the necessary input
variables here are completely available as measurements. As long as possible, you should
always calculate non-autoregressive and use measurements as input variables.

With the button "*Autoregr." now the complete time series can be simulated autoregressive:
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It changes the course of y1 a little bit, especially in the first records, which correspond to the
start-up procedure of the process and are represented in the data only once. This is also the
reason for the differences between training and test set. The value of y2 changed almost not at
all. To be better able to see the effect, you should possibly switch-off the inputs from the
graphic and set the scaling to ,spec.”. With the button ""Orig. Values" the data can be set
back to the original values, i.e. to the original inputs and to non-autoregressive predicted
outputs. Here the comparison points out for a sufficiently stable situation even for a long time
simulation. Now, using the right mouse button cut out the data range between record number
600 and 700.
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Now you can define new value courses for the input parameters of the model and the
appropriate courses of output variables will be calculated.

Note: The value specification will be made always for the zero delay time values, even if they
do not contribute to the modeling (as here). The corresponding shifted values (e.g. ul (-1))
will be provided automatically. The specification can be made using a from-to-range and a
value for the selected parameter. For the course you may choose a ramp or a plateau. The
specifications can also be made using the left mouse button. The button ""Orig. Values' sets
back the values.
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Annex 11: Online Applications

For the realization of online applications, e.g. soft sensor or model predictive control
applications, based on NN-Tool process models, the additional software component
.NNControlServer" (ActiveX Library) is available. This component provides, among others,
the following functionality:

e integration in arbitrary programs

loading of NN-Tool applications

prediction of individual records for defined time intervals in the future

providing of shift registers for time delays

smoothing filter for noisy input data

offset compensation of model errors if delayed output values are available

Calculation of manipulated variables for control applications ("Model-Based Predictive
Control™)

The application is not based directly on a NN-Tool network, but on a so-called .mna-File (see
Annex 16). The conversion and adaptation of a NN-Tool network for the specific needs of
online applications can be done in NN-Tool itself. In this environment the functionality can
also be tested through simulations. The procedure is described in the following on the
example of the application ,,Zeit” (see Section 8 Time Series). Build the application ,,Zeit" as
described in Chapter 8. On the main Menu "Online-Applications,” choose the menu "*New
Online Application':

ETQ File  View  Extras  Multi Met Applications  Window  Help

IR E5h €€ O

Configuration |Sh'rFt Hegisterl Cortrol Varables | Manipulated Varables | Prediction and Control

Input File
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An online application is based on a multi net application (or more accurately is an extension).
If such an application is not yet available, a new multi network application can be configured
that consists of a single NN-Tool network. Press the button "Net", select the NN-Tool
network "ZEIT.dsc

&% NN-Tool 2014 - [OnlineAppIicatigu - + & ﬂ— o] E
SE File  View Extras  Multi Net Applications  Window  Help - 2 X
Xk 090G
Configuration 1 Shift Register] Control Variables ] Maripulated Variables ] Prediction and Control ]

[l Mo. | Directory Name :Eg;ﬂisnal) Outputs
0 C:lsers‘\baer DocumentsNN-Tool ZEIT pat 6
1 C:\Users‘baer\Documerts \NN-Tool ZEIT 5 2

Select

| ‘ Input File |

and press Save. Save the application under the name “Zeit.mna".

This is a minimal configuration and the network for a mere prediction application under the
name "Zeit.mna" is ready. The configuration requires that the record transferred from/to the
online application has exactly the format of the file specified in line "0" ("Input File"). By
default, the data format of the associated .pat-file is used. If the application uses time delays
(as here), a corresponding shift register is also provided (see tab "Shift Register"). Now go to
the tab ""Prediction and Control* and press the "'Start" button to start the simulation of the
online application. These records are not coming from an external application ("simulation™),
but are read one by one from the file in line 0 (“inputfile"), transferred to the online
component, and the predicted values are written in the file "<Application> _output.txt” (here
"Zeit_output.txt™). In the subsequent online application the transfer of data occurs then with
the calling program, of course. The left side of the picture shows in column "Measured
Values", those values, which are supplied to the component by the calling program. The
values on the right side with the name 'Pred. Corr." will be returned from the component.
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g NN-Tool 2014 - [CAUsers\baer\Documents\NN-Tool\zeit.mna] - *lﬁ W e
SE File  View Extras  Multi Net Applications  Window  Help - 8 X
&Sk 900G
Configuration ] Shift Register] Control Variables | Manipulated Variables  Prediction and Control I

Measured Manipulated " Pred MNominal
Na. Input Values Variables Mo. Output Prediction Cor controlled Value
I o 3171|2337 hn N 246570 | 246570 | 246570
2 y2 (1) 382350 382.350 2 y2 399.536 399536 399.536
3 ul (1) 400.368 400.368
4 u2 (1) 9.724 9.724
5 ul (1) 308.166 308.166
| |
Filter to Improve Prediction Sign of Life Cantroller [
7 % remaini - |
Input-Filter ,7[} 7 remaining Contrel Error 0.00 |
0 = no smoothing, 1 =infinite smoothing lteration Steps 1
I Offset Compensation ] Reduction Factor 0.00
I 0 = no Compensation, 1 = maximum Compensation Max. lterations ’75}
. Simulation l
Start | Stop | Reset | Time Interval inms 1000

""Sign of Life" provides a number greater than zero (1 to 10,000) if the data transfer and the
evaluation were successful, or a negative value (error code) and a red box if an error occurred.

In the following we now want to develop a model based predictive control application from
this simple prediction application. Press the button "'Stop", then ""Reset". First we need to
ensure for the control application that now also target values (nominal values, setpoints) for
the outputs of the network are provided. These values (with the other data) must also be
transferred to the online component. For this we need a correspondingly expanded input file
that provides these setpoints. Change to the ,,Configuration* tab and press the button " Input
File". Select the file "ZEIT_Control_Input.pat“ from the folder "My Documents\NN-
Tool". Compared to "ZEIT.pat" the new file has two additional columns **Soll_y1" and
""Soll_y2", containing target values for y1 and y2.

Hint: The file is using decimal comma. If you are using decimal point, please use an editor to
replace all commas “,” in this file by dots “.”

g?g NN-Teol 2014 - [C:\Users\baer\Documents\NN-To Tool\zeitmnal - —u_ﬂ

‘QE File  View Extras  Multi Net Applications  Window  Help

XSk QG

Configuration WSh'rf't Register] Control Variables | Manipulated Variables | Prediction and Contral

Mo. | Directory MName }zggisnal} Cutputs
I 0 C:lgers‘\baer DocumentstNN-Taool ZEIT_Cortrol_lnput.pat 8
I 1 C:\Users\baer\Documerts' NN-Tool ZEIT 5 2
| Select
I | ‘ Input File |
ll
|
|
| Save
1 |
i

Since a new input file has been assigned to the system, it is no more automatically ensured
that the inputs are correctly supplied with values. Go to the tab "Shift Register":
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fm 1t e oo oo [ R = =

g% File  View Exras  Multi Net Applications  Window  Help - 8 X[

REh OOE |

Configuration | Control Variables | Manipulated Variables | Prediction and Control I
Na. Farametemames Min Max. Shift i[ric’lzlﬁglnno. Name in File
y1 (1) 10224 508.91 1 2 ¥l

2 y2 (1) 301.02 544.47 1 3 y2
3 ul 1) 380.02 500.47 1 4 ul
4 u2 (1) 038 1009.91 1 5 u2
5 uld (1) 50.09 359.61 1 6 uld
1 y1 10224 508.91 ] 2 ¥l
2 y2 30.02 b44.47 0 3 y2

Assign P;

Shift
[yt 1 I Datum Unrzsit =]

As you can see from the parameter names and the shifts (i.e., time shifts), NN-Tool has done
the correct assignments automatically.

Note: This does not work always; in these cases, the assignment has to be done manually. The
assignment can be done with the two list fields and the button "Assign“. If no correct
assignment is  made, the  simulation provides  the  error  message:

NN-Tool 2007 x|

First record incomplete. Execution terminated!

However, the assignment is correct here.

Now go to the tab ""Control Variables™" and specify "y1 <= Soll_y1" and "'y2 = Soll_y2"".
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gz NN-Tool 2014 - [C:\Users\baer\Documents\NN-Tool\zeit.mna]

ISE File  View BExtras  Multi Met Applications  Window  Help

NSk ©90G

Configuration I Shift Register Control Variables | Manipulated Varables | Prediction and Cortrol

Mominal Value Parameter

Soll_y1
Soll_y2

j | <= IDatum Uhrzeit
=

Add | Delete |

The next step is to define the manipulated variables, i.e. the parameters that may be changed
by the controller to achieve the target values. Go to the tab "Manipulated Variables" and
define the control variables ul, u2, u3 as shown:

QE MM-Tool 2014 - [CAUsers\baer\Documents\NMN-Tool\ze E X [
E% File  View  Extras  Multi Met Applications  Window  Help - 5 X
Sk @€ G
Configuration I Shift Hegisterl Control Varables Manipulated Variables | Prediction and Control

Mo, | Manipulated Variable Min Mz
[ ul (-1} 380020 500470

uz 1) 0.350 1005510
ud 1)

fy1 1) -] [102.24 908.91

Change to the ,,Configuration” tab and save the application under the name ,,Zeit.mna*.
Now go to the tab ""Prediction and Control™. Here you can adjust the following additional
options:

e Input Filter: first-order filter to smooth the input data.

e Offset Compensation: enables correction of the model error by parallel evaluation of the
model.
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e Max. Iterations: The manipulated variables are calculated in an iterative process. The
greater the value the more accurate the calculation, the longer it lasts.

Additionally, the time interval of the simulation in milliseconds can be determined. Set the
offset compensation to the value 0.1 , otherwise retain the default settings, save the
configuration and press Start.

g NN-Tool 2014 - [C:\Users\baer\Documents\NN-Tool\zeitmnal - o S
QE Eile  View Extras  Multi Net Applications  Window  Help - 0 X
&Sk ©9G
Corfiguration I Shift Ragister] Control Variables | Manipulated Variables ~Prediction and Control I

Measured Manipulated Pred Nominal

Mo, Input Values \ariables Mo, Output Prediction Cor controlled Value

l o 133084 433084 e 156534  |453524  |454784 950000
2 ¥2 (1) 399.956 399.956 2 y2 400.788 399.058 400.000 400.000
3 ul (1) 400,155 402 605

I 4 u 1) 445,352 405.879

[l 5 u3 (1) 309210 308957

H
Filter to Improve Prediction Sign of Life Controller
el ’—D 17 % remaining Control Error 5.6%e-05
0 = no smoothing, 1 = infinite smoothing lteration Steps &
Offset Compensation 01 Reduction Factor 46307
0 = no Compensation, 1 = maximum Compensation Max. lterations ’75[}
Simulation

Start | Stop ‘ Reset | Time Interval inms |1000

On the left the calculated manipulated variables are shown (in green), in the right part - in

addition to the prediction values of the model - the corrected predictions, which now differ

from the model’s prediction due to the offset compensation, are displayed. In the column

"controlled" those output values are displayed that are to be expected in the next time step

according to the model, if the manipulated variables are used in the process. In addition, the

following information is provided which describes the control accuracy:

e 9% remaining Control Error: Indicates how accurate the target values were achieved.
Should be as small as possible. (Note that only an “y1 <=" condition was required.)

e Iteration Steps: the number of required calculation steps.

e Reduction Factor: The factor by what the original control deviation could be reduced.
Should be as large as possible.

The simulation now writes the original records and in addition, the corrected predictions and
the manipulated variables in the file ,,<application>_ Output.txt"(here "Zeit_Output.txt").
This file may not be blocked by other applications (possibly restart NN-Tool).

Note: A .NET runtime library is available for this NN tool component in order to couple the

application with external applications (especially process control systems) (see product
overview).
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Annex 12: Closed Loop Simulation

The application ""Closed Loop Simulation™ in the main menu "Online Applications”
provides a closed-loop test of a model-based controller (see previous Annex 11: Online
Applications):

(&R NN-Tool 2010 - [Closed Loop Simulation;

QE File  View Extras  Multi Net Applications  Window  Help

Simulation Input File

Open Controller Open Process

For the controller ("Controller™) select the model-based controller “zeit.mna” designed in the
previous chapter. Select the same application for the simulation of the process ("Process™).

Notes:

e Generally you will select different applications (based on different networks) for the
controller and the process to study the influence of model errors (*Model Plant
Mismatch") and the effect of the offset compensation. For compatibility, however, both
networks should have been created with the same .pat-file.

e The .mna-application for the process must not have specified manipulated nor controlled
variables.

e The input file of the controller application ("Simulation Input File™) is used by default as a
basis for the simulation.
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| &2 NN-Tool 2010 - [Closed Loop S
QE File  View Extras  Multi Net Applications  Window  Help

XSH G

| Simulation I

—Ci

|C:\Users\baef\Document5\N N-Tool\zeit mna

| Process

C:\Users‘baer'Documents \NN-Toal\zeit mna

ion Input File

C-Users'baerDocuments \NN-Tool"ZEIT_Control_Input pat

Open Controller Open Process

Save the configuration, go to the tab "Simulation"” and press the button "Start".

| gz NN-Tool 2010 - [Closec
SE File  View Extras  Multi Net Applications  Window  Help

XSHh G

Configuration Simulationl

MNo. P Actual

Datum Uhrzeit 03.04.1997 13:00:00
¥ 665.1494

y2 4004539

ut 405,056752451436
uz 572,070983971767
ud 304,79401620958
Soll_y1 950

Soll_y2 200

»

o~ | R =

Create pat-File

By pressing the button "Excel" all the results can be transmitted into an Excel sheet. More
efficient is the usage of the key "Create pat-file". The simulation results are stored as a .pat-
file, which is then loaded and analyzed:
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g?g NN-Tool 2010 - C:\Users\baer\Documents\NN-Tool\ClosedLoopSimul - [Datacr.art]*  — - u_%

3& File  Data Analysis  Metwork Training  View  Extras  Multi MNet Applications ~ Window  Help

ESh nAD 0N G

y1
y2
Soll_y1
Soll_y2

1000 7

700 b

600 1

500 b

400 T

300 T

100 LIRS S R B B NN B B Y [N O D B Y L B B N B B B N B N B B N T
100 200 300 400 500 600 700 800 900 1000
Record

4 o

Representation
a2 Data Range Scaled Values T
ul from |1 to  [1000 % no " yes © spec.  spec.

m Grid Lines Cenfiguration

[ horizontal [~ wvertical T | Open ‘

e
5]

A m

Parameters: 8 Records: 1000

It can be seen virtually perfect control behavior, but this is not surprising, since the controller
model corresponds exactly with the process. Here, moreover, no offset compensation would
be required.

Vary now control and process model to study the effects of "model-plant mismatch*.

Important note: Currently Closed loop simulation is limited to models in which the
inputs are exactly one time cycle ahead of the outputs, i.e. inputs at cycle “-1”, outputs at
“0” (i.e. outputs without shift). If necessary, the raw data must be appropriately moved
against each other in Excel.
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Annex 13: Data File Filter

This component in the “File” main menu makes it possible to create a cleaned file from a raw
data file that is heavily contaminated with measurement, sensor and input errors. The raw data
file must correspond to the format of a .pat file, but must have the file extension “.RawData”.
The cleaned file is then of type “.pat” and can be processed further immediately.

ﬁ NN-Tool 2024 - [Data Filter]
ga File View Extras Online-Applications Window Help - 8 X
Sk €9G

Raw Data file (* RawData)
[¥ Ignore 1. Column (Recordldent)

- |C"-..Users‘-.|nf0 \Documents'\NN-Tool\Steam Turbine.RawData

Filtered File (".pat)

|C:\Users\info\Documents\NN-Tool\Steam Turbine pat

Filter for Valid Records (by Parameter Range)
1. ### TimeStamp

~ - —
Vo2 A Heater Average Air inlet temperature Min Value |25'I 0
3. ACTIVE.POWER.GROSS.MW
Max Value 3030

5. FIRST.STAGE. TURBINE. PRESSURE

Peak Filter Variance Filter Filter Integral Values

¥ Factor StdDev |3 v  Epsilon®10"-2 |1 ¥ Percentage Value |90
Completeness Filter Filter Correlations / Correlation Pairs

WV %-Maximum |10 Vv  %-Corr-Minimum |ZD “%-Corr-Pairs-Minimum |30

Create New File Save Load

Records: 1000 Parameter: 63

The component performs the following cleaning and filtering steps in the order specified. The
first data column, which in many cases contains a record identifier (e.g. date/time), can be
excluded from the filtering:

e All non-numeric entries are initially removed, i.e. replaced with an empty value.

e Filter for Valid Records: Eliminates records. Using a selected parameter (here parameter
“Turbine Speed”), impermissible operating or process states can be completely removed.
This means that every data set in which the selected parameter assumes a value outside the
range defined by the minimum and maximum values will be replaced by nothing but
empty values in all parameters. This also applies if the selected parameter does not exist in
the current data record.

e Peak Filter: Eliminates outlier values. Any data value that deviates by more than x
standard deviations from the mean of the given parameter is replaced (removed) with a
blank value. The factor x can be specified. Recommended range 3 — 4.

106



NN-Tool 2024

Variance Filter: Eliminates entire parameters (data columns). Any parameter that has
too little variance in its values is completely removed. The criterion is that the standard
deviation must be at least epsilon * absolute value of the mean. A value for epsilon can be
specified. Recommended range 1 — 10. The value is then automatically multiplied by 10”-
3. This means that a default value of 2 means that all parameters are eliminated for which
the standard deviation does not even reach 0.002 of the mean (more precisely: the absolute
value of the mean).

Filter Integral Values: Eliminates complete parameters (data columns). The filter
eliminates all integral variables of the present data set. A parameter is considered an
integral quantity if the number of value changes in a positive direction far exceeds the
number of changes in a negative direction (or vice versa). If more than x percent of all
value changes that occur only point in one direction, the parameter is viewed as an
integral quantity and eliminated. Recommended value for this percentage: 90.

Completeness filter: Eliminates complete parameters (data columns). The filter
eliminates all variables in the existing data set that are not assigned values sufficiently
often (i.e. have too many missing measured values). First, it is determined how many
complete values the parameter that has been measured most frequently has. A parameter is
eliminated if it does not even reach x percent of this value (i.e. the number of values of the
most frequently measured parameter). Recommended value for this percentage: 10 — 30.

Filter Correlations / Correlation Pairs: Eliminates complete parameters (data
columns). The filter eliminates all variables in the existing data set that either have a too
low correlation with all other parameters (exact amount of the correlation coefficient) or
for which there are too few data sets in common with other parameters to calculate the
correlation (“correlation pairs”). The first criterion “% Corr Minimum” requires that the
magnitude of the correlation coefficient with at least one other parameter has a value of at
least x percent. Recommended value 10 — 30. The second criterion “%-Corr-Pairs-
Minimum?” requires that there are at least x percent times as many correlation pairs as the
parameter that has the most correlation pairs. Recommended value 20 — 50.

Final Filter: Always executed. Eliminates entire parameters (data columns). The filter
eliminates all variables in the existing data set that no longer have any measured values or
only always have the same measured value.

Hints:

Only the activated filters are carried out (with the exception of the Final Filter). Each filter
acts on the values left by the previous filter operations. The filtering operations are
performed in the order specified above.

The functionality is currently limited to applications with purely numerical data.

Filtering is started by pressing the “Create New File” button. After completion, NN-Tool
opens the cleaned .pat file.

Attention: In the newly created and opened .pat file, identifiers for the first column must
be set again (manually)!
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Annex 14: Use of neural networks in Excel / NN-Tool Excel Add-In

You can use the “NN-Tool Excel Add-In” (additional component available separately) to
insert neural networks that you have created with NN-Tool into Excel folders. The networks
then behave like a standard Excel function (e.g. the sum function).

More Information on demand.
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Annex 15: Principal Component Analysis / PCATool

In certain applications, it may happen that the input parameters and / or the output parameters
are not independent of each other, but that relations exist between them (equations). These
equations reduce the number of the so-called degrees of freedom of the system. If a problem
has 10 input variables among which 7 equations are established, the equations reduce the
number of degrees of freedom to 3, i.e. the problem has effectively only 3 dimensions. If
these equations are linear, the referred degrees of freedom can be determined with the
principal component analysis.

PCATool is an independently running application for principal component analysis (Principal
Component Analysis - PCA), which has been developed at Bayer AG, Leverkusen, and can
also be purchased. Since PCATool uses the same data structures as NN-Tool, it provides for a
very useful addition to NN-Tool for certain applications (,,Multi Net Applications"- MNA).
An example can be found in the following documentation on Multi Net Applications.
PCATool can also be used completely independent of NN-Tool. For details, please refer to
the PCATool documentation.
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Annex 16: Multi Net Applications - MNA

Multi Net Applications ("MNA") are not used to describe a single neural network, but an
interconnection of multiple networks (or so-called user modules, see annex 14). MNA is
designed for the experienced user. During the NN-Tool setup a MNA example is also
supplied. These are the files MNA_Demo_PCA.pat and MNA_Validation.pat in the folder
"My Documents\NN-Tool". In the following the procedure is explained by this example.

MNA is based on completed NN-Tool networks. For the example application the networks
are to create first of all. Please load the file MNA_Demo_PCA .pat.

Hint: The file is using decimal comma. If you are using decimal point, please use an editor to
replace all commas “,” in this file by dots “.”.

The file contains 200 records of 10 input variables x1,..., x10, followed by 9 output
parameters y1 ,..., y9. It turns out that both the input variables as well as the outputs are not
independent among themselves. For this reason, with PCATool a principal component
analysis for the inputs (PCA_X.1 to PCA_X.10) as well as for the outputs (PCA_Y.1 to

PCA _Y.9) has been made and the corresponding values have been added to the original .pat-

file. Moreover, only the first 3 principal components are of importance. Because of the large

measurement errors of the records we now carry out the following procedure:

1. Providing a network that maps the 10 X-values on the first 3 X-principal components.
Train a network with x1 ,..., x10 as input and PCA_X.1 ,..., PCA_X.3 as output, i.e. 10
input variables, 3 output variables. Use ,,5-fold Crossvalidation Cyclic* in the standard
option with up to 8 internal nodes. Save the network under the application name
»X_PCAX* (menu "file" menu option ""Save Net as"), i.e. X is mapped on its principal
components. As the following results from the automatic documentation show the
principal components are easy to learn with high accuracy. That must indeed be the case,
since it is only a linear relation burdened by measurement errors.

Correl. Test Set

Mo Outputs  Correlation % Rel. Error Abs. Error a0-Coefficient al-Coefficient  Count
1 PCA_X1 0,9999 0,2055 0,0208 -3, 24E-03 1,0009] 200
2 PCA X2 0,9999 0,1503 0,0113 -2 B6E-03 0,9997| 200
3 PCA X3 0,9993 0,3447 0,0163 -6,83E-04 0,9994| 200

2. Train in accordance with a network using PCA_X.1,..., PCA_X.3 as inputs and PCA_Y.1
to PCA_Y.3 as outputs and save it under the name PCAX_PCAY.

Correl. Test Set

Mo. Outputs Correlation % Rel. Error |/Abs. Error |a0-Coefficient a1-Coefficient | Count
1 PCA Y1 0.9583 3.0417 0.4733 -0,0704 0.8874| 200
2 PCA Y2 0.9353 4,855 0,3994 0.0541 0.9471] 200
3 FCA_Y3 0.9547 4,2282 0.2515 -4,03E-03 0,9592| 200

3. At last you create a network with PCA_Y.1 to PCA_Y.3 as inputs and y1 ..., y9 as

outputs and save it under the name PCAY_Y.
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Correl. Test Set

Mo.  Qutputs Correlation % Rel. Error Abs. Error | a0-Coefficient a1-Coefficient | Count
1 v 0.9907 1,8034 0,0548 0,019 0,9804| 200
2 Y2 0,9963 1,1766 0.0815 -2,66E-03 0,9926] 200
3 V3 0,9946 1.4143 0,0633 -7, 30E-03 0,9813] 200
4 v 0.,9878 1,2801 0.0861 0.0401 0,9511] 200
5 v 0,9915 1,2201 0,066 -0,0284 0,9647| 200
B v 0,981 21743 0.0861 0.,0802 0,9218] 200
7 Vi 0,9847 2,0068 0,1413 -0,1093 0,9324] 200
B Vi 0,9875 1,8647 0,1104 0,0828 0,9438] 200
g v 0,9964 0,9863 0.0857 b.B1E-03 0,9902] 200

These 3 networks will now form a series connection using MNA. MNA not only allows linear
connections, but any connections of networks and user modules. Each network (or user
module) gets its input from the outputs of up to three upstream networks (or User Modules).
So the input and output numbers of the relevant networks must fit, of course. If necessary an
adaptation of the outputs of a given network can be done by switching in a suitable user
module. The first network will get its inputs either on a file with input data ("Input File
Prediction™) or in use as an online application the data is transferred from a process control
system. Open ""Multi Net Applications™ / ""New Multi Net Application' and add the 3
already created networks using the ,,Add* button (for "Net").

+"z NN-Tool 2010 - :\My Documents\NN-Tool\PCAY_Y - [Multi Net Application]

=101 x|
-8 x

ﬁ File Data Analysis  NetworkTraining View  Extras  Mult Net Applications  Window  Help

Corfiguration | Speciy Input File | Mut-Net-Predicton |

No. | Directory Name Inputs (nom.) Input Net 1 Input Net 2 Input Net 2 | Inputs (act.) | Output

C:\My Documents\NN-Tool

X_PCAX

C\My Documents‘\MN-Tool

PCAX_PCAY

wlrm|[=e

C:\My Documents\MN-Tool

PCAY_Y

Met Input Output Net
Add | Update Delete Select Input File e | e |
r~User Module
0 = Inputfile # no Input -
Add | Update Delete I nputte fro T J
Default | Set1 Set2 | Set3 |
Save

Parameters: 39 Records: 200 Inputs / Inputnodes: 3/3  Outputs / Outputnodes: 9/9

The red boxes indicate that the respective input currents (Inputs act.) in the three networks
have not been specified suitably. In addition, at least one network output (,,Output") has to be
established, usually the last.

For each network (or user module) up to 3 pre-nets can be specified (with "Set 1", "Set 2",
etc.) whose outputs stream in that network as inputs. The inputs of the given network will be
specified in such a way that first, the outputs of the first upstream network ,,Input Net 1° will
be the first source of input, then the outputs of the second upstream network, etc. Obviously,
the sum of the inputs of the upstream networks (" inputs (act.) ") must match with the number
of inputs of the given network ("Inputs (nom.)"). For the first network an input file must be
assigned instead, and then the parameters of the file must be assigned to the inputs of the first
network. For a series connection (as here) in which each network gets its inputs only from the
outputs of the previous network, you can set the interconnections by pressing the button
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"Default".

"2 NN-Tool 2010 - C:\My Documents\NN-Tool\PCAY_Y - [Multi Net Application] =] |
ﬁ File Data Analysis  NetworkTraining View  Extras  Mult Net Applications  Window  Help - 8 x

Corfiguration | Speciy Input File | Mut-Net-Predicton |

No. | Directory Name Inputs (nom.) Outputs Input Net 1 Input Net 2 Input Net 2 | Inputs (act.) | Output
4 0 . 0

1 C:\My Documents\NN-Tool X_PCAX 10 3 0

2 C\My Documents‘\MN-Tool PCAX_PCAY 3 3 1

3 C:\My Documents\MN-Tool PCAY_Y 9

Net Met Input Output Net ———
Add | Update Delete Select Input File il LI

|D = Inputfile / no Input = |

Default | Set1 Tz | Set3 |

Delete

Parameters: 39 Records: 200 Inputs / Inputnodes: 3/3  Outputs / Outputnodes: 9/9

So net 2 "PCAX_PCAY" gets its input from network 1 ("X_PCAX"), etc. Now specify the
file ,MNA_Validation.pat* as input file by pressing "Select Input File".

Hint: The file is using decimal comma. If you are using decimal point, please use an editor to

({34

replace all commas “,” in this file by dots “.”.

It follows the following window:

=": NN-Tool 2010 - C:\My Documents\NN-Tool\PCAY_Y - [Multi Net Application] =10 =l
g% File  Data Analysis  Network Training  View  Extras  Multi Net Applications  Window  Help - 8 X
Rk VAT FL4xTLEN ESEE G ]
Corfiguration
Column | Name in File | Type | Netriame —
2 x1 M Markcer
3 x2 M Marker
4 x3 M Marker
5 xd M Markcer
& x5 M Marker
7 x6 M Markcer
2 x7 M Marker
3 x8 M Markcer
10 x93 M Marker
1 x10 M Marker
12 ¥l M Markcer
13 y2 M Marker
14 ¥3 ] Maricer
15 y4 M Marker
16 ¥5 ] Maricer
17 yE M Marker -
— Inputs Qutputs
nominal |1I}— actual ID— ’7nnminal IE— actual ID—
—Define Column Type
Column Value I‘I— Input | Marker | Target Dutput |
Parameters: 39 Records: 200 Inputs [ Inputnodes: 3/3  Outputs / Outputnodes: 9/9
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This approach is more flexible than in the ,,Prediction Validationset option, because the
selected file must not have a fixed prescribed structure. To do that you now have to define the
appropriate columns of the file as inputs (X-values) and possibly as target outputs (Y-values).
The specification of targets may be waived if new records are just to be predicted. At the
moment targets can only be established for the network with the highest number. Upon
request, however, the outputs of the other networks can be predicted also and transferred to an
output file or to Excel.

Define the assignment of the columns of the input file to the inputs and outputs of the multi
net application as follows:

="z NN-Tool 2010 - C:\My Documents\NN-Tool \PCAY_Y - [Multi Net Application] =gl =]
EE File  Data Analysis  Metwork Training  View  Extras  Mult Net Applications  Window  Help - 8 X
FET Y I =l - I EL I ]
Configuration ~ Speciy Input Fie. | Mut-Net-Prediiction |
Column Mame in File Tvpe Metname
1 Lfdnr M Marker
2 x1 1 =1
3 x2 12 x2
4 x3 13 x3
5 wd 14 pes
& x5 15 =5
7 x6 16 i
3 x7 17 x7
9 x8 18 x8
10 pe] 19 o]
i «10 110 =10
12 ¥l 01 ¥1
13 ¥2 02 y2
14 v3 03 ¥3
15 vd 04 vd
18 ¥5 05 ¥5
17 ¥6 06 ¥6
18 ¥7 o7 ¥7
13 ¥8 08 y8
> 20 ¥y 09 ]
— Inputs Cutputs
nominal I‘ID_ actual I‘ID_ ’7nnminal IE_ actual IE_
— Define Column Type
Column Value |1— Input | Marker | Target Output
Parameters: 39 Records: 200 Inputs [ Inputnodes: 3/3 Outputs [ Outputnodes: 9/9

Go to the ,,Configuration tab and then save the complete multi-network application under the
name "X_PCAX PCAY_Y.mna" using the "Save" button.

On the tab page ,,Multi-Net-Prediction*, you can now get a prediction on the input file. This
shows that the results are significantly better than in the direct prediction of y1, .., y9 as
functions of x1, .., x10. For the parameter y7 the multi-network application delivers the
following chart:
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Validationset, y7, R=0,9733, Y = -0,4741 + 0,8561 * X

predicted values
3,00

2,00 4

1,00

'2,00 '3,00

For comparison, the direct prediction on the file MNA_Validation.pat gives:
Validationset, y7, R = 0,8604, Y = -0,4958 + 0,6698 * X

predicted values
3,00

2,00 4

1,00 4 o
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In addition to use for prediction purposes a completed multi-network application can be used
especially in on-line applications (see Annex 11: Online Applications).

Note: If the following error appears at the start of the multi-network prediction:

zl
Cutputfile damaged or blocked!

simply rename the file in the "Print to File" Box.
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Annex 17: User Modules

The exclusive use of NN-Tool networks in multi-network applications is somewhat
impractical. Thus, in some applications an additional network must be created, only to
provide certain parameters. Also each time a new network is required if a subsequent net is
linked only to a subset of the output parameters (or in a different order) of the previous net.
User Modules now solve these problems, in which they provide the needed functionality. This
is explained below on the basis of the last example of Annex 16. Please create the example
applications of the previous annex first.

In the example of Annex 16 a multi-network application has been created on the basis of the
X-values, then on the principal components of the X-and Y-values, and finally, the Y values
have been predicted. We know, however, that the X-values are not independent of each other.
In particular, they can not be arbitrarily varied in input files that have been created for
prediction purposes. By contrast, the 3 X-principal components are independent. So it makes
much more sense, to build up the multi-network application on the basis of the 3 X-principal
components and to predict the resulting Y-values and also the appropriate X-values. For the
last point a network PCAX_X is still needed, i.e. PCA_X.1,..., PCA_X.3 as input and x1 ,...,
x10 as output. Create the network initially.

Also, the entire application needs a component PCAX_PCAX (i.e. PCA _X.1,..., PCA X.3
both as inputs as well as outputs) as an input source. The reason is that currently only one
network or user module can access on the input file. This first network / module can then
provide all the required parameters, so that the downstream networks / modules can access
them.

This functionality shall be provided now by a user module. Open the application **"New User
Module™ within the main menu ,,Multi Net Applications":
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="z NN-Tool 2010 - C:\My Documents\NN-Tool\MNA_Demo_PCA - [User Modules] o =] |
ot File DataAnalysis  Metwork Training  View  Extras  Mult Net Applicatons  Window  Help - F X
Rod/ 83 a0 0B 2@Ea & ,

Optimization

Outputs I
Type IUMT',fpe 0 (affing) linear function j Initialize |

]
=

Parameters: 39 Records: 200 Inputs [ Inputnodes: 3/3  OQutputs / Outputnodes: 9/9

User Modules are either (affine) linear functions of any number of inputs to any number of
outputs (UMType 0) or one of 19 predefined types (e.g. UMType 12 corresponds to
"Sinus(x)"). To define a user module, select one of the types, specify for type O the desired
number of inputs and outputs, and press "Initialize™. Our desired functionality requires 3

inputs and outputs:
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="z NN-Tool 2010 - C:\My Documents\NN-Tool\MNA_Demo_PCA - [User Modules] o =] |
ot File DataAnalysis  Metwork Training  View  Extras  Mult Net Applicatons  Window  Help - F X

Define Module | Define Parameters I Evaluate Model I

Inputs |3
Outputs |3
Type IUMT',fpe 0 (affing) linear function j

—Set Coefficients

1 s |

Save |

Parameters: 39 Records: 200 Inputs / Inputnodes: 3/3 QOutputs / Outputnodes: 9/9

The coefficients of the (affine) linear function of 3 inputs (X_1 called up X_3) on three
outputs Y_1 to Y_3 are displayed. The column "1" is used to specify constants. l.e. the first
line is:

F1=0-1+1-x14+0-x2+0-x3

By default, all coefficients = 0 with the exception of the diagonal coefficients (= 1). With the
button "set" the coefficients can be set arbitrarily. Then the model can be tested on tab page
,,Evaluate Model“. Since we just want to make available the values, we do not need further
adjustments, and could save the model directly. The disadvantage is that the parameter have
only default names and no additional information exist on acceptable minimum and maximum
values (by default are 0 or 1). In order to avoid this disadvantage, a user module (from
UMType 0) will be created directly from the NN-Tool data analysis window. For this we need
a file in which the 3 X-principal components appear each in 2 columns. First open the already
created network "PCAX_X" and save it additionally under the name PCAX_PCAX. Now
open PCAX_PCAX.pat. In the window data sheet, we now need to duplicate the 3 columns
for PCA_X1 to PCA_Xa3. Click in these columns one after the other and press the button
"Duplicate Column®. These columns will be added. Then press ,,.Save Changes* and save
the file under the name "PCAX_PCAX_New". Then carry out the data analysis, set all the
parameters passive except the columns for PCA_X1 to PCA_X3, each duplicate. Set the first
occurrence as input, the second occurrence as output:
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N-Tool 2010 - C:\My Documents \NN-Tool \PCAX_PCAX_New - [Data Analysis] =101 =|
g?g File Data Analysis  Metwork Training  View  Extras  Mult Net Applicatons  Window  Help - F X
XSk nAS EH NG J

Data Analysis |Trair1\ng F‘arame(elsl 10-Assignment | Training Set / Test Set Allocation I
B Mean Stddev Median Complete Transform /0 AP Available =
20 |vS 0.5087 1.0209 0 5461 200 Lin | P
21 | PCA_XA 2626305 | 23441 0.1075 200 Lin | A
22 | PCA_X2 -1.7655e-10 | 1.6028 -0.0563 200 Lin | A
23 |PCA_X3 -1.7765e-05 | 1.1572 0.0430 200 Lin | A
24 | PCA X4 -5.0291e-10 | 0.4347 0.0437 200 Lin | F
25 |PCA_XS 25686e-11 | 0.3133 -3.5085=-03 Lin | P
26 |PCA_XE 0.2557 200 Lin | P
27 |PCAXT 0.2 200 Lin | P
28 |PCA_XS 0.1 200 Lin | P
29 |PCA X3 0.1 200 Lin | F
30 | PCA_X10 01 200 Lin | P
31 | PCA_Y1 2. 200 Lin | P
32 |PCA_Y2 1 200 Lin | P
33 |PCA_Y3 1. 200 Lin | P
34 |PCA Y4 0. 200 Lin | F
35 |PCAYS 0. 200 Lin | P
36 |PCA_YE 0. 200 Lin | P
37 |PCAY7 0. 200 Lin | P
38 |PCA_YS 0. 200 Lin | P
39 |PCA_YS 0. 200 Lin | F
40 | PCA_X1 2626303 | 23441 200 Lin 9] A 200
41 |PCA_X2 -1.7655e-10 | 1.6028 200 Lin ] A 200
42 | PCA_X3 -1.7768e-08 | 1.1572 200 Lin o] A 200 B
T
e | Active | i Switch-Off by Numbers | Define User Module
un | Auto-nputs |
,m Passive | = | Rt | Manual Classifier |
sig | AllLin | _ tegam |
Line Chart |

Parameters: 42 Records: 200

Inputs [ Inputnodes: 3/3

Outputs [ Outputnodes: 3/3

and now press the button "'Define User Module™
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=": NN-Tool 2010 - C:\My Documents\NN-Tool\PCAX_PCAX_New - [User Modules] i [m] 4
g X

g?g File Data Analysis  Metwork Training  View  Extras  Mult MNet Applications  Window  Help -

AT RN =TT /

Define F‘arametersl Evaluate Model I

Qutputs |3
Type IUMT'_.']::E 0 (gffine) inear function j Initialize |

—Set Coefficients

7 = |

Parameters: 42 Records: 200 Inputs / Inputnodes: 3/3  Outputs / Outputnodes: 3/3

Save the module under the name "PCAX_PCAX_UM".

Now define the following multi-network application with this module:

=101 x|

- 8 X

=" NN-Tool 2010 - C:\My Documents\NN-Tool\PCAX_PCAX_New - [Multi Net Application]
& File DataAnalysis Network Training Wiew Extras  Mult Net Applications  Window  Help

=T Y =

Corfiguration | Specty Inpus File | Mut-Net-Frediction |
MNo. | Directory Name Inputs {nom ) Outputs Input Net 1 Input Net 2 Input Net 3 Inputs (act) Output
[1] C:AMy Documents\NN-Tool PCAX_PCAX_New pat 3 42
1 C:\My Documents\NN-Tool PCAX_PCAX_UM 3 3 0 3 no
2 C:AMy Documents\NN-Tool PCAX_X 3 10 1 3 ves
3 C:\My Documents\NN-Tool PCAX_PCAY 3 3 1 3 no
4 3 3 3 yes

» C:\My Documents\NN-Tool PCAY_Y 9
—Net Net Input OutputMet —————
i | _vpose | oo | SlectputFile o

|D = Inputfile / no Input j

Add | Updatel Dele@el

Default | Set1 Set 2 | Set3 |

Parameters: 42 Records: 200 Inputs / Inputnodes: 3/3  Outputs / Outputnodes: 3/3
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Save the entire application under the name "UM_PCAX_ X PCAY_Y".

The entire configuration can now be used to predict both the X-values as well as the Y-values
on the basis of the independent variables PCA_X1 to PCA_X3 which can be read from
suitable input file and, for example, can transfer the predictions to Excel or to an output file.
Note that for this purpose, the network "PCAX_X" has been set as "Output".

Moreover, the remaining user module types enable through suitable connections arbitrary
transformations of the outputs of upstream networks / user modules and to deliver that
transformed values to downstream networks / user modules. In this sense, the current
restriction to a maximum of 3 upstream networks (or to just one network / user module with
access on the input file) is not really a restriction. Overall arbitrary networks of interconnected
networks / user modules can be defined and evaluated.

In the following we will now generate a simulation based on this multi-network
application. Restart NN-Tool, select "New Online Application”, tab "Configuration”, press
the button "MNA" and select the Multi-network application "UM_PCAX_ X PCAY_Y.mna"
described before under User Modules. Initially, the following notice will appear:

NN-Tool 2010 x|

Application not completely configured!

That means we still have to do some specification of the input file. Then the following
window appears:

+"; NN-Tool 2010 - [Online Application] =10l

SE Eile  View Extras  Mult Met Applications  Window  Help - F X
XS5k S ]
Corfiguration |Shrﬁ Heglsterl Control Variables I Manipulated Variables | Prediction and Cartrol

Mo. | Directory MName ‘;gﬁ:ﬁn Outputs

0 |C:\My Documents'\NN-Tool PCAX_PCAX_New pat 42

1 C:\My Documents'NN-Taoal PCAX_PCAX_UM 3 3

2 |C\My Documents'NN-Tool PCAX_ X 3 10

3 |C\My Documents\NN-Tool PCAX_PCAY 3 3

4 |C:\My Documents\NN-Tool PCAY_Y 3 9

Switch to tab “Shift Register”:
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=": NN-Tool 2010 - [Online Application]

QE File  View Extras MultiMet Applications  Window  Help

(X Sk |G

=10l x|

- 8 X

Configuration { Shift Register I Control Variabl I Manipulated Variables | Prediction and Control

Na. Parametemames Min Mz Shift i?,';'ﬁ:nm Name in File
PCA_X1 -5.26 488 0 12 ¥l

2 PCA_X2 377 174 0 13 y2
3 PCA_X3 -2.47 27 0 14 ¥3
1 ¥l -1.00 204 0 12 ¥l
2 y2 -2.82 156 0 13 y2
3 ¥3 =239 209 0 14 ¥3
4 vé -2.4% 424 0 15 vé
5 ] -358 183 0 16 ¥5
6 ¥6 -1.75 22 0 17 ¥6
7 ¥7 -3.96 3.09 0 18 ¥7
8 y8 -2.45 347 0 15 y8
] ¥ -4.07 259 0 20 ¥5

Assign P;

Shift
FCAX =l | Lfdrnr =]

As you can see, the assignment for the outputs y1, .., y9 (green) is correct, however the inputs
PCA X1 to PCA X3 have been assigned to the wrong columns of the file.
The assignment must now be carried out individually for each input using the two list boxes

and the button "Assign":

=": NN-Tool 2010 - [Online Application]

QE File  View Extras MultiMet Applications  Window  Help

(X Sk |G

=10l x|

- 8 X

Corfiguration  Shift Register |Contm| Variables I Manipulated Variables | Prediction and Control

Na. Parametemames Min Mz Shift i?,';'ﬁ:nm Name in File
PCA_X1 -5.26 488 0 21 PCA_X1

2 PCA_X2 377 174 0 22 PCA_X2
3 PCA_X3 -2.47 27 0 23 PCA_X3
1 ¥l -1.00 204 0 12 ¥l
2 y2 -2.82 156 0 13 y2
3 ¥3 =239 209 0 14 ¥3
4 vé -2.4% 424 0 15 vé
5 ] -358 183 0 16 ¥5
6 ¥6 -1.75 22 0 17 ¥6
7 ¥7 -3.96 3.09 0 18 ¥7
8 y8 -2.45 347 0 15 y8
] ¥ -4.07 259 0 20 ¥5

Assign P;

Shift
FCAX =l | Lfdrnr =]

Save the configuration (name ,,UM_PCAX_X_PCAY_Y_Online.mna*), go to "Prediction
and Control" and press "Start" (possibly a message is displayed about a register length, which
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was automatically adjusted):

=" NN-Tool 2010 - [C:\My Documents\NN-Tool\UM_PCAX_X_PCAY_Y_Online.mna] =1olx|
BE File  View Extras  Multi Net Applicatons  Window  Help - 8 X
XSG |
Configuration | Shift Register | Cortrol Variables | Manipulated Variables Prediction and Contro! |
Inpt Menipulated | Output Prediction | =3 cortrolled | omnal
PCA_X1 2670 ¥l 0.876 0.876 0.876
PCA_X2 0418 2 ¥2 0,158 0158 0158
PCA_X3 0333 3 ¥3 0.205 0205 0.205
4 ¥4 0.349 0.149 0.349
5 ¥5 0385 0385 0385
[ v6 0848 0.848 0848
7 ¥7 -1.200 1200 -1.200
8 ¥e 1133 1133 1132
9 ] 0632 0632 0632

[ Filter to Improve Predicti

Input-Filter I 0

0 = no smoothing, 1= infinite smecthing

Offset Compensation I i}

0=no C ion, 1= i [of

Time Interval inms |1000

Controller

Xru'na'rinng‘IrdErmrl 0.00

lteration Steps

Reduction Factor

Max. lterations

Note: in addition to this NN-Tool component a .NET runtime library is deliverable to link
NN-Tool Online Applications with external applications (in particular, process control

systems, see product overview).
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Annex 18: NN-Tool Network Structure

The prediction of an input vector X
transformation steps:

suing OF length L1 of strings consists of 5

1. Coding of classifiers: Numerical parameters are passed through to the next
transformation step, but classifiers are coded in corresponding 0-1 values, i.e. input
parameters for active classes receive the numeric value 1, other parameters of the
classifier get the value 0. Coding is performed in order of the occurrence of class
instances in the data. This transformation produces a numerical input vector X of

length L2 (L2> = L1).

2. Scaling to the interval [0.1,0.9] generates a scaled input vector X of length L3
(L3="L2+1). min, max, mean,stddev are the respective values of each parameter of
X,.m- Log( ) is the natural logarithm

: X pum — MIN
a. Linear: X, =08—"——r

—+0.1=P, +Px
max—min

num

x. =08 I_Og(xnum )_ Log min

b. Log.: +0.1=P, + P,Log(x
: ) Log max— Log min o+ PiLog(x )
with Log max = Log(max )
o 0.8 0.8
with a = 16
stddev

d. In addition, a constant value 1 (= bias) is appended as the last component of the
vector.

1. The Neural network mapping produces a scaled output vector Y of length L4:
Y, :G(Znetkwk’,j for r=1..,L4
k=1

L3
with net, =G[invi,kj and o(x)= 14
i=1

1+e
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2. Rescaling of outputs generates vector Y, . of length L4:

(y, —0.1)max—min)

e. Linear: Youn = 08 +min =P, + Py,
f. Log.: y. = Exp((ys —O.l)(LogOrr;ax— Log min) +Log minj — PPy

] . 1 0.8 0.8
. Sigmoid: =—=lo —-1|{+mean =P, +P.Lo -1
g g ynum g[ 01 j 0 + 1 g( 0 1 J

S

with a = Stiai and limitation of y, to the interval [0.10653,0.89347]
Y

3. Recoding of output classifiers: Numerical parameters are passed through, for
classifiers the class name of the class with the highest rating in the corresponding
output parameters of Y, will be selected. Generates a string vector Y, of length

L5 (L5 <= L4).

tring
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Annex 19: NN-Tool Product Overview

A. NN-Tool Standard Edition

Complete development and application system for prediction, simulation and optimization
with neural networks. Contains among others the following main features:

B.

Data Analysis Module: data preprocessing and statistical analysis, including appropriate
modules for classifiers, for correlation calculations for the determination of optimal input
parameters, for time series with time delays as well as for the treatment of incomplete
records.

Training Module: automatic network training including network structure optimization
and crossvalidation.

Network Analysis: evaluation of model accuracy with scatter plots and line charts,
influence analyses, outlier module to determine inconsistent records, graphics to display
the functional relationships between input and output values.

Application Module Control Panel: Simulation of new situations (such as recipes,
operating points) on the basis of the established network.

Application Module Optimizer: used to optimize application cases (recipes, operating
points, etc.) taking into account a variety of constraints on the basis of the established
network.

Application Module Experimental Design: used to create test plans, which are
optimized to the application.

Documentation Module: automatic logging of the network created including all relevant
charts.

Batch Control: control of NN-Tool with batch files (,,Macro-recorder). Serves for the
"remote control™ of the learning process to allow the integration of NN-Tool in company-
specific application environments (especially user databases).

Multi Net Module: allows the combination of multiple networks to a total application.
Dynamic Simulation Module: used to simulate time series, for example, to analyze the
start-up of process plants

Configuration and Simulation Environment for Online Applications: preparing NN-
Tool networks for online applications.

Online Helpsystem

NN-Tool Batch Edition

Functionality as the Standard Edition with the exception that the networks can be trained only
in batch mode (i.e. ASCII control file). For the integration of NN-Tool in company-specific
applications.

C. NN-Tool RunTime Edition

As Standard Edition, but without any possibility for network training (but including in
particular the application modules). Used to evaluate generated neural networks for prediction
and optimization purposes. Networks can not be created nor modified with this component.
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D. NN-Tool Excel Add-In

Allows the use of completed neural networks within Excel workbooks.

E. NN-Tool C-library

Contains functions for loading and evaluating generated neural networks as C functions.
Enables the integration of the networks in any applications, including UNIX, LINUX, etc.

F. NN-Tool Class Library for Visual Basic / .NET

Contains functions for loading and evaluating generated neural networks as VB functions.
Enables the integration of the networks in any Visual Basic applications.

G. NN-Tool Control Server

Component for the realization of online applications, e.g. soft sensor applications or model
based predictive control, based on NN-Tool process models (ActiveX Library).

H. Maintenance Contracts

For all the components mentioned above maintenance contracts are available. These include
the elimination of emerging software errors as well as the delivery of the current versions.
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Annex 20: GNU LESSER GENERAL PUBLIC LICENSE

GNU LESSER GENERAL PUBLIC LICENSE
Version 2.1, February 1999

Copyright (C) 1991, 1999 Free Software Foundation, Inc.

51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 TUSA
Everyone 1is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

[This is the first released version of the Lesser GPL. It also counts
as the successor of the GNU Library Public License, version 2, hence
the version number 2.1.]

Preamble

The licenses for most software are designed to take away your
freedom to share and change it. By contrast, the GNU General Public
Licenses are intended to guarantee your freedom to share and change
free software--to make sure the software is free for all its users.

This license, the Lesser General Public License, applies to some
specially designated software packages--typically libraries--of the
Free Software Foundation and other authors who decide to use it. You
can use it too, but we suggest you first think carefully about whether
this license or the ordinary General Public License is the better

strategy to use in any particular case, based on the explanations below.

When we speak of free software, we are referring to freedom of use,
not price. Our General Public Licenses are designed to make sure that
you have the freedom to distribute copies of free software (and charge
for this service if you wish); that you receive source code or can get
it if you want it; that you can change the software and use pieces of
it in new free programs; and that you are informed that you can do
these things.

To protect your rights, we need to make restrictions that forbid
distributors to deny you these rights or to ask you to surrender these
rights. These restrictions translate to certain responsibilities for
you if you distribute copies of the library or if you modify it.

For example, if you distribute copies of the library, whether gratis
or for a fee, you must give the recipients all the rights that we gave
you. You must make sure that they, too, receive or can get the source
code. If you link other code with the library, you must provide
complete object files to the recipients, so that they can relink them
with the library after making changes to the library and recompiling
it. And you must show them these terms so they know their rights.

We protect your rights with a two-step method: (1) we copyright the
library, and (2) we offer you this license, which gives you legal
permission to copy, distribute and/or modify the library.

To protect each distributor, we want to make it very clear that
there is no warranty for the free library. Also, if the library is
modified by someone else and passed on, the recipients should know
that what they have is not the original version, so that the original
author's reputation will not be affected by problems that might be
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introduced by others.

Finally, software patents pose a constant threat to the existence of
any free program. We wish to make sure that a company cannot
effectively restrict the users of a free program by obtaining a
restrictive license from a patent holder. Therefore, we insist that
any patent license obtained for a version of the library must be
consistent with the full freedom of use specified in this license.

Most GNU software, including some libraries, is covered by the
ordinary GNU General Public License. This license, the GNU Lesser
General Public License, applies to certain designated libraries, and
is quite different from the ordinary General Public License. We use
this license for certain libraries in order to permit linking those
libraries into non-free programs.

When a program is linked with a library, whether statically or using
a shared library, the combination of the two is legally speaking a
combined work, a derivative of the original library. The ordinary
General Public License therefore permits such linking only if the
entire combination fits its criteria of freedom. The Lesser General
Public License permits more lax criteria for linking other code with
the library.

We call this license the "Lesser" General Public License because it
does Less to protect the user's freedom than the ordinary General
Public License. It also provides other free software developers Less
of an advantage over competing non-free programs. These disadvantages
are the reason we use the ordinary General Public License for many
libraries. However, the Lesser license provides advantages in certain
special circumstances.

For example, on rare occasions, there may be a special need to

encourage the widest possible use of a certain library, so that it becomes

a de-facto standard. To achieve this, non-free programs must be
allowed to use the library. A more frequent case is that a free
library does the same job as widely used non-free libraries. 1In this
case, there is little to gain by limiting the free library to free
software only, so we use the Lesser General Public License.

In other cases, permission to use a particular library in non-free
programs enables a greater number of people to use a large body of
free software. For example, permission to use the GNU C Library in
non-free programs enables many more people to use the whole GNU
operating system, as well as its variant, the GNU/Linux operating
system.

Although the Lesser General Public License is Less protective of the
users' freedom, it does ensure that the user of a program that is
linked with the Library has the freedom and the wherewithal to run
that program using a modified version of the Library.

The precise terms and conditions for copying, distribution and
modification follow. Pay close attention to the difference between a
"work based on the library" and a "work that uses the library". The
former contains code derived from the library, whereas the latter must
be combined with the library in order to run.
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GNU LESSER GENERAL PUBLIC LICENSE
TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION

0. This License Agreement applies to any software library or other
program which contains a notice placed by the copyright holder or
other authorized party saying it may be distributed under the terms of
this Lesser General Public License (also called "this License").

Each licensee is addressed as "you".

A "library" means a collection of software functions and/or data
prepared so as to be conveniently linked with application programs
(which use some of those functions and data) to form executables.

The "Library", below, refers to any such software library or work
which has been distributed under these terms. A "work based on the
Library" means either the Library or any derivative work under
copyright law: that is to say, a work containing the Library or a
portion of it, either verbatim or with modifications and/or translated
straightforwardly into another language. (Hereinafter, translation is
included without limitation in the term "modification".)

"Source code" for a work means the preferred form of the work for
making modifications to it. For a library, complete source code means
all the source code for all modules it contains, plus any associated
interface definition files, plus the scripts used to control compilation
and installation of the library.

Activities other than copying, distribution and modification are not
covered by this License; they are outside its scope. The act of
running a program using the Library is not restricted, and output from
such a program is covered only if its contents constitute a work based
on the Library (independent of the use of the Library in a tool for
writing it). Whether that is true depends on what the Library does
and what the program that uses the Library does.

1. You may copy and distribute verbatim copies of the Library's
complete source code as you receive it, in any medium, provided that
you conspicuously and appropriately publish on each copy an
appropriate copyright notice and disclaimer of warranty; keep intact
all the notices that refer to this License and to the absence of any
warranty; and distribute a copy of this License along with the
Library.

You may charge a fee for the physical act of transferring a copy,
and you may at your option offer warranty protection in exchange for a
fee.

2. You may modify your copy or copies of the Library or any portion
of it, thus forming a work based on the Library, and copy and
distribute such modifications or work under the terms of Section 1
above, provided that you also meet all of these conditions:

a) The modified work must itself be a software library.

b) You must cause the files modified to carry prominent notices
stating that you changed the files and the date of any change.

c) You must cause the whole of the work to be licensed at no
charge to all third parties under the terms of this License.

d) If a facility in the modified Library refers to a function or a
table of data to be supplied by an application program that uses
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the facility, other than as an argument passed when the facility
is invoked, then you must make a good faith effort to ensure that,
in the event an application does not supply such function or
table, the facility still operates, and performs whatever part of
its purpose remains meaningful.

(For example, a function in a library to compute square roots has
a purpose that is entirely well-defined independent of the
application. Therefore, Subsection 2d requires that any
application-supplied function or table used by this function must
be optional: if the application does not supply it, the square
root function must still compute square roots.)

These requirements apply to the modified work as a whole. If
identifiable sections of that work are not derived from the Library,
and can be reasonably considered independent and separate works in
themselves, then this License, and its terms, do not apply to those
sections when you distribute them as separate works. But when you
distribute the same sections as part of a whole which is a work based
on the Library, the distribution of the whole must be on the terms of
this License, whose permissions for other licensees extend to the
entire whole, and thus to each and every part regardless of who wrote
it.

Thus, it is not the intent of this section to claim rights or contest
your rights to work written entirely by you; rather, the intent is to
exercise the right to control the distribution of derivative or
collective works based on the Library.

In addition, mere aggregation of another work not based on the Library
with the Library (or with a work based on the Library) on a volume of
a storage or distribution medium does not bring the other work under
the scope of this License.

3. You may opt to apply the terms of the ordinary GNU General Public
License instead of this License to a given copy of the Library. To do
this, you must alter all the notices that refer to this License, so
that they refer to the ordinary GNU General Public License, version 2,

instead of to this License. (If a newer version than version 2 of the
ordinary GNU General Public License has appeared, then you can specify
that version instead if you wish.) Do not make any other change in

these notices.

Once this change is made in a given copy, it is irreversible for
that copy, so the ordinary GNU General Public License applies to all
subsequent copies and derivative works made from that copy.

This option is useful when you wish to copy part of the code of
the Library into a program that is not a library.

4. You may copy and distribute the Library (or a portion or
derivative of it, under Section 2) in object code or executable form
under the terms of Sections 1 and 2 above provided that you accompany
it with the complete corresponding machine-readable source code, which
must be distributed under the terms of Sections 1 and 2 above on a
medium customarily used for software interchange.

If distribution of object code is made by offering access to copy
from a designated place, then offering equivalent access to copy the
source code from the same place satisfies the requirement to
distribute the source code, even though third parties are not
compelled to copy the source along with the object code.
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5. A program that contains no derivative of any portion of the
Library, but is designed to work with the Library by being compiled or
linked with it, is called a "work that uses the Library". Such a
work, in isolation, is not a derivative work of the Library, and
therefore falls outside the scope of this License.

However, linking a "work that uses the Library" with the Library
creates an executable that is a derivative of the Library (because it
contains portions of the Library), rather than a "work that uses the
library". The executable is therefore covered by this License.
Section 6 states terms for distribution of such executables.

When a "work that uses the Library" uses material from a header file
that is part of the Library, the object code for the work may be a
derivative work of the Library even though the source code is not.
Whether this is true is especially significant if the work can be
linked without the Library, or if the work is itself a library. The
threshold for this to be true is not precisely defined by law.

If such an object file uses only numerical parameters, data
structure layouts and accessors, and small macros and small inline
functions (ten lines or less in length), then the use of the object
file is unrestricted, regardless of whether it is legally a derivative
work. (Executables containing this object code plus portions of the
Library will still fall under Section 6.)

Otherwise, i1if the work is a derivative of the Library, you may
distribute the object code for the work under the terms of Section 6.
Any executables containing that work also fall under Section 6,
whether or not they are linked directly with the Library itself.

6. As an exception to the Sections above, you may also combine or
link a "work that uses the Library" with the Library to produce a
work containing portions of the Library, and distribute that work
under terms of your choice, provided that the terms permit
modification of the work for the customer's own use and reverse
engineering for debugging such modifications.

You must give prominent notice with each copy of the work that the
Library is used in it and that the Library and its use are covered by
this License. You must supply a copy of this License. If the work
during execution displays copyright notices, you must include the
copyright notice for the Library among them, as well as a reference
directing the user to the copy of this License. Also, you must do one
of these things:

a) Accompany the work with the complete corresponding
machine-readable source code for the Library including whatever
changes were used in the work (which must be distributed under
Sections 1 and 2 above); and, if the work is an executable linked
with the Library, with the complete machine-readable "work that
uses the Library", as object code and/or source code, so that the
user can modify the Library and then relink to produce a modified
executable containing the modified Library. (It is understood
that the user who changes the contents of definitions files in the
Library will not necessarily be able to recompile the application
to use the modified definitions.)

b) Use a suitable shared library mechanism for linking with the
Library. A suitable mechanism is one that (1) uses at run time a
copy of the library already present on the user's computer system,
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rather than copying library functions into the executable, and (2)
will operate properly with a modified version of the library, if
the user installs one, as long as the modified version is
interface-compatible with the version that the work was made with.

c) Accompany the work with a written offer, valid for at
least three years, to give the same user the materials
specified in Subsection 6a, above, for a charge no more
than the cost of performing this distribution.

d) If distribution of the work is made by offering access to copy
from a designated place, offer equivalent access to copy the above
specified materials from the same place.

e) Verify that the user has already received a copy of these
materials or that you have already sent this user a copy.

For an executable, the required form of the "work that uses the
Library" must include any data and utility programs needed for
reproducing the executable from it. However, as a special exception,
the materials to be distributed need not include anything that is
normally distributed (in either source or binary form) with the major
components (compiler, kernel, and so on) of the operating system on
which the executable runs, unless that component itself accompanies
the executable.

It may happen that this requirement contradicts the license
restrictions of other proprietary libraries that do not normally
accompany the operating system. Such a contradiction means you cannot
use both them and the Library together in an executable that you
distribute.

7. You may place library facilities that are a work based on the
Library side-by-side in a single library together with other library
facilities not covered by this License, and distribute such a combined
library, provided that the separate distribution of the work based on
the Library and of the other library facilities is otherwise
permitted, and provided that you do these two things:

a) Accompany the combined library with a copy of the same work
based on the Library, uncombined with any other library
facilities. This must be distributed under the terms of the
Sections above.

b) Give prominent notice with the combined library of the fact
that part of it is a work based on the Library, and explaining
where to find the accompanying uncombined form of the same work.

8. You may not copy, modify, sublicense, link with, or distribute
the Library except as expressly provided under this License. Any
attempt otherwise to copy, modify, sublicense, link with, or
distribute the Library is void, and will automatically terminate your
rights under this License. However, parties who have received copies,
or rights, from you under this License will not have their licenses
terminated so long as such parties remain in full compliance.

9. You are not required to accept this License, since you have not
signed it. However, nothing else grants you permission to modify or
distribute the Library or its derivative works. These actions are
prohibited by law if you do not accept this License. Therefore, by
modifying or distributing the Library (or any work based on the
Library), you indicate your acceptance of this License to do so, and
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all its terms and conditions for copying, distributing or modifying
the Library or works based on it.

10. Each time you redistribute the Library (or any work based on the
Library), the recipient automatically receives a license from the
original licensor to copy, distribute, link with or modify the Library
subject to these terms and conditions. You may not impose any further
restrictions on the recipients' exercise of the rights granted herein.
You are not responsible for enforcing compliance by third parties with
this License.

11. If, as a consequence of a court judgment or allegation of patent
infringement or for any other reason (not limited to patent issues),
conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License. If you cannot
distribute so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you
may not distribute the Library at all. For example, if a patent
license would not permit royalty-free redistribution of the Library by
all those who receive copies directly or indirectly through you, then
the only way you could satisfy both it and this License would be to
refrain entirely from distribution of the Library.

If any portion of this section is held invalid or unenforceable under any
particular circumstance, the balance of the section is intended to apply,
and the section as a whole is intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any
patents or other property right claims or to contest validity of any
such claims; this section has the sole purpose of protecting the
integrity of the free software distribution system which is
implemented by public license practices. Many people have made
generous contributions to the wide range of software distributed
through that system in reliance on consistent application of that
system; it is up to the author/donor to decide if he or she is willing
to distribute software through any other system and a licensee cannot
impose that choice.

This section is intended to make thoroughly clear what is believed to
be a consequence of the rest of this License.

12. If the distribution and/or use of the Library is restricted in
certain countries either by patents or by copyrighted interfaces, the
original copyright holder who places the Library under this License may add
an explicit geographical distribution limitation excluding those countries,
so that distribution is permitted only in or among countries not thus
excluded. 1In such case, this License incorporates the limitation as if
written in the body of this License.

13. The Free Software Foundation may publish revised and/or new
versions of the Lesser General Public License from time to time.
Such new versions will be similar in spirit to the present version,
but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Library
specifies a version number of this License which applies to it and
"any later version", you have the option of following the terms and
conditions either of that version or of any later version published by
the Free Software Foundation. If the Library does not specify a
license version number, you may choose any version ever published by
the Free Software Foundation.
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14. If you wish to incorporate parts of the Library into other free
programs whose distribution conditions are incompatible with these,
write to the author to ask for permission. For software which is
copyrighted by the Free Software Foundation, write to the Free
Software Foundation; we sometimes make exceptions for this. Our
decision will be guided by the two goals of preserving the free status
of all derivatives of our free software and of promoting the sharing
and reuse of software generally.

NO WARRANTY

15. BECAUSE THE LIBRARY IS LICENSED FREE OF CHARGE, THERE IS NO
WARRANTY FOR THE LIBRARY, TO THE EXTENT PERMITTED BY APPLICABLE LAW.
EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR
OTHER PARTIES PROVIDE THE LIBRARY "AS IS" WITHOUT WARRANTY OF ANY
KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE
LIBRARY IS WITH YOU. SHOULD THE LIBRARY PROVE DEFECTIVE, YOU ASSUME
THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

16. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN
WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY
AND/OR REDISTRIBUTE THE LIBRARY AS PERMITTED ABOVE, BE LIABLE TO YOU
FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE
LIBRARY (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING
RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A
FAILURE OF THE LIBRARY TO OPERATE WITH ANY OTHER SOFTWARE), EVEN IF
SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES.

END OF TERMS AND CONDITIONS
How to Apply These Terms to Your New Libraries
If you develop a new library, and you want it to be of the greatest

possible use to the public, we recommend making it free software that
everyone can redistribute and change. You can do so by permitting

redistribution under these terms (or, alternatively, under the terms of the

ordinary General Public License).

To apply these terms, attach the following notices to the library.

It is

safest to attach them to the start of each source file to most effectively

convey the exclusion of warranty; and each file should have at least the

"copyright" line and a pointer to where the full notice is found.

<one line to give the library's name and a brief idea of what it does.>

Copyright (C) <year> <name of author>

This library is free software; you can redistribute it and/or
modify it under the terms of the GNU Lesser General Public
License as published by the Free Software Foundation; either
version 2.1 of the License, or (at your option) any later version.

This library is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU
Lesser General Public License for more details.

You should have received a copy of the GNU Lesser General Public
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License along with this library; if not, write to the Free Software
Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 02110-
1301 USA

Also add information on how to contact you by electronic and paper mail.
You should also get your employer (if you work as a programmer) oOr your
school, if any, to sign a "copyright disclaimer" for the library, if
necessary. Here is a sample; alter the names:

Yoyodyne, Inc., hereby disclaims all copyright interest in the

library "Frob' (a library for tweaking knobs) written by James Random

Hacker.

<signature of Ty Coon>, 1 April 1990
Ty Coon, President of Vice

That's all there is to it!
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Annex 21: Installation and Runtime Errors

NN-Tool menu item is not available in Excel:

If Excel is started form NN-Tool for the first time, NN-Tool tries to install in Excel a so-
called add-in named "Nnt3_Englisch.xla" (not to be confused with the add-in under Annex
17). An add-in is an additional component (a "macro”) in Excel, which can be used to extend
the functionality of Excel. The add-In nnt3_Englisch.xla (nhame nnt3_Englisch name, file
extension .xla for Excel Add-In) is used to convert the data of an Excel spreadsheet into a
NN-Tool data file (*.pat file) in a comfortable way. Depending on the set of safety restrictions
and the Excel version the automatic installation of the add-In may fail. Then, proceed as
follows:

If you have Excel 2007 (Office 2007): In this case, the menu is on the tab "Add-Ins." See
there first.

Try to install the add-in manually. Use the command "Add-In Manager" in the "Extras"
menu. (Office 2007: Please see the Help for how to install add-ins). The Add-In Manager
will be opened.

With it you can browse the NN-Tool installation directory to find the add-in
,Nnt3 Englisch" and install it. If you do not know in which directory you have installed
NN-Tool, you can find the directory name in NN-Tool under ,,Extras/Options".

If even that does not work, there is also the possibility of an earlier version of the add-in
(called nnt3_old_Version.xla) to install.

Alternatively, there is the possibility of a direct access to an Excel-folder: instead of a
.pat-file NN-Tool initially loads an Excel application, the user selects one worksheet (with
several sheets in the Excel folder) and NN-Tool creates and imports the data file (see data
preprocessing).

If all options fail (i.e. the add-in does can not be installed or run, an access to Excel is not
possible), it is necessary to convert the Excel data with Excel methods itself. To do so, the
Excel spreadsheet has to be saved using the "Save As" option with the file type ".csv"
("character separated values®) format. Then close Excel. If an indication of the nature of:
"File does not have the Microsoft Excel format. If ...", then click "no", (i.e. save file in the
.csv-format without saving changes).

This creates a file of .csv format in which the data are separated using a list separator. This
list separator depends (sorry!) on the Windows settings, specifically from the so-called
Regional Settings. With German regional settings, it is the semicolon, in English it is the
comma. A .csv-file can be imported by NN-Tool using "Load Datafile". You have to set
the file type to csv. After that the above-mentioned list separator is asked.

If your .csv file uses the semicolon (the default setting for German Windows versions),
you can click the "OK" button. Otherwise, you have to specify the comma (or possibly
even another list separator). Only one character may be entered. Then NN-Tool imports
the data file, creates an additional .pat-file and you can continue as described in the
manual.
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Folder “My Documents\NN-Tool” does not exist.

If you can’t find that folder please copy the folder “NN-Tool” in the NN-Tool installation
directory. The path of the installation directory can be found under “Extras* / “Options*.

Training algorithm doesn’t start

Error message “3 Training terminated with failure. Net possibly incorrect!” is displayed.
Cause: Installation dir or application dir or some files are write-protected (especially under
WIN 7). Reinstall NN-Tool and use default installation directory.

Excel Communications is not working properly

Symptom: the transfer of data to excel does not work. No Excel folder opens.

Cause: A variety of Excel processes has been started in the background without an Excel
application is visible.

WORKAROUND: Start the Task Manager (<Strg> <Alt> <Del>), go to the tab
"processes”, sort by "name" and stop all processes called "excel.exe™. Ignore the warning.
Background: In some versions of Excel it may happen that when you quit an Excel
application not all related Excel processes are always terminated.

Data are not interpreted correctly or model is very bad

Causes:

In many such cases the fact is that the specifications for the decimal separator are not set
correctly, for example, because the data come from another computer with other regional
settings, or the regional settings on your computer have been modified. Open the .pat-file
(if necessary .csv-file) with an editor and check whether the decimal point and the list
separator used match with the regional settings on your computer. (The introduction of
regional-specific settings was probably the biggest stupidity of Microsoft in their long
list). Change the character by "Find and Replace™ in the file. Possibly you also need to
retrain the whole system.

your data include additional characters (e.g. ">") besides numeric values and are therefore
treated as classifiers by NN-Tool. Clean up the data. Hint: Excel numeric data are right in
the cells; none are left (even with the wrong decimal separator).

Your data have large measurement errors. Make one or several control experiments with
the same input data and analyze the variation in the output data. Your models can not be
better than your data.

One or more important input variables are not available (not measured).
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e There are only very few records available. Use the methods of crossvalidation in

particular the "leave-one-out" option.

No solution found? Contact:

Email: info@baermann.de
Tel: +49 211 7489973
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