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Introduction

Optimizer (optimizer.exe) is a program which can be used to fit model parameters to
observed data and calculate sensitivities of model parameters. Although originally
designed for the models CANDY and CCB, optimizer.exe can be used for calibration
and optimization of any model which uses a database structure.

Generally a model can be seen as a composite of several inputs (constants, drivers,
and initial values), a calculating kernel, and an output dataset (Figure 1).
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Figure 1: General model scheme.

The optimizer has a slightly different view point: all parts of the original model from
Figure 1 are wrapped in one model unit (Figure 2, dashed blue box). This model unit
is surrounded by a ‘parameter’ dataset (which can be related to any model input,
(Figure 2, brown boxes)) and by a result dataset (containing actual model outputs
together with specific destination values - the target (Figure 2, green boxes). The
optimizer calls this more abstract model composition (Figure 2, red dashed box) and
makes an assessment of the results (error function value (Figure 2, right blue arrow))
to decide about changing the problem-specific parameters by applying the simplex
algorithm (Figure 2, left blue arrow).
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Figure 2: Optimizer framework.
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Using the optimizer requires (Figure 3):
e the selection of items (parameters of the problem)

e specification of the objective (values that should match with the model
outputs)

e the model call

* Select changeable items that should be modified until the

model output is close to the destination values (target)
Select the

parameters

* Select destination values that should be met by the model if it
uses proper values for the parameters

Specify the

objective

* Set up a batch call that:
* makes the changed item values usable for the model
e runs the model with the actual data environment

Develop the * prepares the model result for a comparison with the
model call destination values

Figure 3: Requirements of the optimization set up.

To solve an optimization problem the optimizer.exe requires an ACCESS database
with one table describing the parameters of the problem (here called “parameter
interface”) and another table containing the destination values (further on called
“result table”). Furthermore a BATCH program is required containing a code that
includes the following steps:

a) preprocessing: transfer the actual parameters to the proper datasets of the inner
model

b) model call: run the inner model with this changed data environment
c) postprocessing: transfer the required outputs to the result table

The optimizer changes the parameter values following a special algorithm until the
best fit between both datasets (model & target) is found or the maximum number of
iterations is reached. The quality of the fit is calculated for each iteration step. It is
given by the value of an error function (usually the sum of squared deviations).
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Good modeling practice demands that the modeler provides an evaluation of the
confidence in the model. This requires i) a quantification of the uncertainty in any
model results (uncertainty analysis) and ii) an evaluation of how much each input is
contributing to the output uncertainty. Sensitivity analysis addresses the second of
these issues, performing the role of ordering inputs by importance. It is analyzing the
impact of the inputs on the variation of the output. Model calibration is typically
done using only the most sensitive model parameters.

The sensitivity analysis of optimizer.exe is a local sensitivity analysis, which is
analyzing the effect of a single parameter change on the model results. It is designed
to give an overview on parameter sensitivities while having only little computational
demand. Local methods of sensitivity analysis are addressing sensitivity relative to
point estimates of parameter values. They do typically not attempt to fully explore
the input space. Methods of global sensitivity analysis examine sensitivity with
regard to the entire parameter distribution.

There are several other tools that might support the optimization process:

e parmadapt.exe (used to select data from the database that is relevant
for the optimization and write the data into model-specific input files.)

e resimp.exe (used to import simulation results from model-specific
output files into the database and to compare the results with measured
data (objective function))

e oma.exe (master call for sequential optimization of multiple tasks)

e sqlpro.exe (used for post processing of the results. Executes

calculations within the database via SQL queries)



Theory

Simplex algorithm

The optimization procedure of the optimizer.exe is based on the approach of Nelder
and Mead (1965), also known as downhill simplex method. This numerical method is
used to find a minimum of a nonlinear function having more than one independent
variable (Press et al. 1992). During a series of steps the process estimates a local
optimum of a problem until it possesses a unique value. The concept uses the
geometric figure of a simplex, which, in n dimensions, consists of n+1 vertices
(points) and interconnecting line segments. Hence, in one dimension the simplex is a
line, in two dimensions a triangle and a polyhedron for three dimensions. Each point
corresponds to a parameter set for which a functional value can be calculated and
compared with the other points of the simplex. A decision process selects for each
iteration step if the “worst” point W is replaced by a new and (hopefully) better
point, while the “best” point is kept. The movement to the optimum is realized by
three specific operations: reflection, contraction, and expansion.

For minimizing the function y; at P; (with y» = max(y) and ys = min(y;)) the
procedure is as follows:

1. Ordering of points according to their function values as in yz < y; < - < yy < yw
(1:
Ve <¥i < <yny <Yw 1)

Please note that the index “i” is the general index and “W”, “N” and “B” describe the
worst, next worst and best points.

2. Calculation of the centroid of all points (except for the worst point) (M = %Zﬁi‘f’ p;

(2):

M=%V P @)
3. Reflection of worst point WasinR = (1 + a)M — aW

(3:
R=0Q+a)M—aW (3)

4. If the function value yr of the reflected point R lies between y5 and yw, the actual
worst point W is replaced by R If yr is lower than ys (the current best) there is a new
minimum and the point R is expanded to E (E = yR + (1 —y)M

(4):
E=yR+(1-y)M 4)

If ye < ys, Wis replaced by E; else the expansion has failed a W is replaced by R.



5. In the case that the result for the previous reflected point R is between the worst
and the second worst case yw > yr > yn a new W is calculated by contracting WV
using Cr = R+ (1 — f)M

(&

Cr=PpR+(1-BM ()

If the reflection was not successful (yr = yw) this one dimensional contraction is
performed from the initially identified worst point (Cr = W + (1 — )M

(6):
Cr=BW +(1-BIM (6)

Assuming the all previous trials for improvement failed (ye > yw), new points are
calculated by a n-dimensional contraction (shrinkage) towards the best point B

1 1
(Npew =5 P+ N) - and Wy =5 (P + W) (7)
and the process is restarted.

1 1
Moo = 2B M) and Wiy =374 W) o

Within the next iteration step Nuew, Whew and B will be re-ordered according to

YB<yi < <yy <yw (1
and labelled accordingly.

The parameter values used for reflection («), expansion (y) and contraction (f) are
a=1,p3=05andy=2.

A

A

Parameter 2

Parameter 1

Figure 4 A: Basic triangle simplex is BNW (red) with the worst point W, next best point N and best point B. M
is the centroid of all P; without W, thus of Band N. R is a reflected W. E is reflected and expanded W. Cr and
C, are contraction points from R or W depending on the result of the reflection. Adapted from Bezerra et al.

(2016) and Nelder and Mead (1965). B: If the direction is wrong and reflection, expansion and contraction
failed, a multiple contraction of the basic triangle BNW towards the best point B takes place and results in a
new triangle BNnewWhew.
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Uncertainty calculation with Fisher Information Matrix

The Fisher Information Matrix (FIM) is calculated to get additional uncertainty
information about the optimized parameters for the best fit. It requires the sensitivity
of the model output f and the variance of the observed values at each observation
point.

The sensitivity S is calculated for each observation point o following S(i,0) = i—;‘f =
fo(p?pt)_fo(l-()l*p?pt)

—0.01*p?pt (8
S( ) _ % _ fo(pl?pt)_fo(l.Ol*pfpt) 8
hor= Afi B —0.0l*pf’pt ( )

i

Every parameter p; is increased by 1% keeping the optimized values for all other
parameters.

The sensitivity describes the importance of each observation point for the parameter
estimation.
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Figure 5: Example of the parameter sensitivity over time, showing the decreasing importance of the
observations after 50 days.

Knowing the sensitivities, the FIM elements for all parameter combinations can be
calculated ([FIM];; = 1 0fo 0fo v 1 Afo Afo

° 0_3 op; 0pj T 0 52 Ap; Ap;
(9). FIM is a symmetric matrix ([FIM]; = [FIM];).

1 of, of, 1 Afy Af,
FIM].. = " L0 % 5 1 Al Al 9
[ ]1] © 63 dp; dp; © 63 Ap; Apj ( )

The inversion of FIM provides the covariance matrix [COV] ([FIM]™! = [cOV] =
2
0'1 cee o'ln‘

2
O'1n eee o'n

(10):
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[FIM]™! = [cOV] =

: : (10)

2
0'1 eee Gln]
0-171 O-Tl

[COV] contains the relevant statistical information about the optimized parameters.
The main diagonal consists of the variances o2 and the other elements represent the
covariance oj between parameter i and j.

The mean parameter value including the standard deviation is: p; & ’aiz. The

. ) oy
correlation between two parameters is: r; ; = ﬁ
9]

Handling

After opening the optimizer.exe, the user has the possibility to

e select the parameters, which have to be optimized,

e define the result table, which includes the measurement data on which
the parameters shall be optimized

e define the batch call for the model run

e start a sensitivity analysis of a specified dataset and/or directly start
the optimization process

e calculate the uncertainty of the parameters after successful optimization

Definition and selection of parameters

The sheet [parameters] of the optimizer user interface enables the selection of
parameters, which should be integrated in the optimization routine. Therefore, they
have to be listed in the PARM_INT table of the database. If not yet existing, the
PARM_INT table will be incepted in the database after starting the optimizer.exe and
opening a database. Otherwise the [change database] button can be used to select a
new or another database. Selection of parameters can be made over the user interface
via [add parameter record] (Figure 6) or directly in the PARM_INT table using i.e.
Microsoft ACCESS. If PARM_INT is created over the interface of optimizer.exe and
more than one parameter is added, additional attributes for the correlation between
parameters are inserted.
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parameters | result table  model call  optimizer

exlt

change database

item_is FHAME
»

PHAME MIMIMUM - MAXIMURM - WAL

STEP AL SELEKTION ALIAS ERROR

add parameter record

Figure 6: User interface for the parameter definition.

The definition of the parameters can be done by clicking the [add parameter record]
button. In the parameter definition dialog (Figure 7) you may select the required
parameters from the specific table (double-click). All columns of the table are listed
in the window “selectable parameters”. Select the required parameter and the
corresponding record in the “selectable records” window as well as the “index field”
for a unique identification of this record. Insert the selection into the PARM_INT
table by clicking the [use selection] button. Proceed in the same manner for
additional parameters.

available tables

selectable parameters selectable records

appliedC_neu
barl
bar2
cdyn_sty
cink_prm
cink_prem_bop
control_0
control2
daten_neu
inkb_rslt
inkb_rslt_dopt
Kopie von master_inkb_
master_inkb_opt
master_int

mean]

mean2
PARM_INT
PARM_INT _copy
1elC

stat

statistik
treatments

ITEM_IX
$BA_ID
NAME
CROP_IX
oD
K

v ETA
CNR
CNR_ALT
TS_GEHALT
C_GEH_TS
MOR

idex field

ITEM_IX

»

ITEM_IX SBA_ID NAME
90 90 farm yard manure BDF_1
9 green manuring(6%C)
19 sugar beet
20 early potato
21 Fr.Kart.[¥)
22 potato
23 potato (%)
£l 90 farm yard manure BOF_2
92 92 semilig. cow man BDF_2
93 92 sluny BDF_14
24 late potato
25 late potato [¥)
26 spring barley

Figure 7: Parameter selection dialog for adding a new parameter record.
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The PARM_INT table now contains closer specifications about the origin table
(fname), the column (pname), and selection criterion (selection) of each parameter
(Figure 6).

Standard values for e.g. maximum and minimum values will be inserted
automatically, after selecting a record with the [add parameter record] button. The
minimum value is set as a tenth and the maximum value is the threefold of the
current parameter value. However, it is important to ensure that minimum and
maximum values are in a scientifically appropriate range in order to get reasonable
parameter estimation.

Before starting an optimization, it is recommended to test the sensitivity of the error
function for each parameter. This is automatically accomplished by increasing the
initial value IVAL for each parameter by a defined step width (STEP). The current
parameter value of each optimization step, as well as the final optimized value, is
stored in the AVAL column.

If you detect a non-reasonable record in the PARM_INT table (Figure 6) you can
delete it by using Ctrl + Del.

The structure of the PARM_INT table is as follows:

attribute = Meaning

item_ix unique index

fname table containing the parameter

pname attribute name (column) of the parameter

selection unique selection criteria to define a special record in fname
minimum  lower limit of the parameter used for optimization
maximum  upper limit of the parameter used for optimization
ival initial value; starting point of optimization

step step width for the first optimization run

aval currently optimal value

error standard deviation of the parameter

alias symbolic name for the parameter (user specific)

Definition and selection of results

By clicking on the sheet [result table], the user can select the database table that
contains the data, which shall be used to calculate the distance between the model
and the target within the error function. Selection of the specific table can be made
via the drop down menu (Figure 8, red box). With the filter condition (Figure 8, blue
box), data can be further limited to select only meaningful records and leave out
records that are not sensitive to parameter variation. If no limitation is required, the
input has to be a true condition, e.g. “1 = 1”. It ensures that all the data from the
selected file are shown in the window below (by clicking the [open ... as result table]
button) and, consequently, taken into account for the optimization process.

Information about the model and observed value are mandatory. The specification of
an index field (required for grouping observations) and observed variance (required
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for uncertainty analysis) are optional. All selections are made via the drop down

menus at the bottom of the window (Figure 8, green box).

Lo [0 T =er X
|
parameters | result table  model call  optimizer exit
table name fiiter condition
[inkb_rsh M [tinve>0
open inkb_sh a resuk table
time. £ obsval watianz modres B
1 5 0034805936120671  1.6341805683135E-6 002445
2 5 0.0455584079445525 6 6949176660476 0.0407
3 5 0.0564872842678763 1.48571395812267E-5 nos1g
4 5 0.0682609643101565 2.67159067175597E-5 0.055867
5 5 0/0783853179244806  3.1209518196685E-5 0.08551 L
3 5 0.0974402750420095 3.45B05143460439E-5 0.07008
» 7 5 0.0349546055685124 3.53564556620648E-5 0.07383
8 5 0099 683 360 5 0.07703
9 5 0101678750380919  3.99809350251332E 5 0.08002
10 5 0105217823035653  5.0715247911746E5 008274
13 5 0114521888780967 7.12678528294177E5 0.09031
16 5 0120876520125303 8.36163380807423E-5 0.09743
20 5 012409360443031 0.0007108294162749449 010686 d
index field - observation |obsval - -
ob.vaiance |varianz v
=

Figure 8: Specification of the objective function: Selection of table including measurement values (red box),
filter conditions (blue box), and indication of observed and simulated values within the data table (green box).

Model Call

To specify the model call click on [open runfile] within the [model call] sheet and
select the right batch file which contains the model algorithm and possible pre- and
postprocessing steps for storing the results (Figure 9). The content of the batch file
will be visible in the window below. Changes can be made by the [edit runfile]
button. It is recommended to test the model run by using the option [check model
run] before starting the optimization. The model run was successful if it didn’t crash
and the result file is updated.

Lo [ & di mdb

=1er

parameters resulttable  model call  optimizer

open wriile edit unfile

et

cdy_popo DB=s:\saengersaenger_np.mdb SOL=make_ink_rsh.sql GO
“C:AProgram FilesiRAR-3.1.0%inki386F.exe” CMD BATCH sihsaengerc_inkub_saenger_np.r
cdy_popo DB=s:\sasngersasnger_np.mdb SAL=get_res_bak.sgl GO

check model un

Optimizer

Figure 9: Example for a model call.
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In the “optimizer” sheet you can start the optimization process as well as a couple of
supporting procedures. For different purposes it is possible to select the preferred
error assessment (Figure 10, yellow box), running a sensitivity analysis (Figure 10,
green box), as well as an uncertainty analysis (Figure 10, blue box), and start the
optimization process within limited settings (Figure 10, red box).

Sicy

mdb

start optimization

Nmax 50
citerium (00001

parameters resul table model call = optimizer

eror assessment
* sum{sqr(0-M))

sum({sqr(1-0/M)
CVIRMSE)

ext

uncedainty (FIM)

T <

func=0.00010178341289333

step38 £
uy 03742 08743 I
func=0.000105037708671892 |

step33 \

ep. |
wy 03813 0875 o |
func=0.0001006861545671

stepd1 (RR
uy 03872 08764

\/\/\
func=3.98131171690526€-5 'R B
stepd3 %0000,
u 03839 08758 °% ¢
func=4 96538957465216€ 5 10063 ]

stepd§ [

ty 03858 08753 of| |\
func=3 331510691 26336€ 5 | |
stepd |
uy 0385 0.8761 || L °
func=3 34365977111817E5 [| ¢
stepd8 \/\ R

uy 03878 08762 {l
func=3 93918332201396€ -5 ] \‘.‘, |
stepS0 :
by 03864 08761 * ‘R. ..
func=9.93608667191001E-5 1.00E-4 S "o 9099
exit AMOEBA - too many Rerations T x .

LIRS

Figure 10: CANDY parameter optimization.

Error Assessment

The area “error assessment” provides the user the possibility to choose between three
types of error functions/objective functions (Figure 10, yellow box):

RMSE = ’Z(Obs;Mod)Z

e sum of normalized RMSE’s for different observation types (groups):

e root mean square error:

RMSE;

NRMSE = Z range(Obs;)

e sum coefficient of variation of the root mean squared error for different

RMSE;
Obs,

observation types (groups): CV(RMSE) =

The last two options are recommended if the set of observations is not homogeneous
(i.e. the observations have different units). In this case the index field of the result
table (figure 8) is used to identify the groups.

Sensitivity analysis

Before starting the optimization process, it is strongly recommended to test the
sensitivity of the parameters (Figure 10, green box), in order to avoid an unnecessary
optimization of parameters that do not have a strong impact on the values within the
objective function.
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During the sensitivity analysis each parameter is only once increased by a given
factor. The sensitivity analysis can be adapted by changing the parameter “step size”,
given as percentage of the specific parameter value (default: 5 %).

Adaptation of optimization effort

Depending on the task the optimization may take some time. Therefore the user can
define two restrictions (Figure 10, red box). With “Nmax” you can define the
maximum number of iteration steps the optimizer can run for finding the optimal
parameter value. The “criterion” defines the condition to finish the minimum search
of the error. The iteration will stop if the relative difference of the extreme values
(max and min) of the error function at the corresponding simplex points is lower
than the given tolerance criterion Ciol (here 0.0001):

[Ymax—Yminl
* AL < (O 11
[Ymax+Yminl tol ( )
Results are stored in the PARM_INT table within the aval column, but can also be
found in an extra text file (opti_result.txt), which is stored in the same directory as
the optimizer.exe.

Finishing and results evaluation

The finishing window of the optimization provides two options (Figure 11): First, to
use result values for e.g. uncertainty analysis with Fisher Matrix Information or,
second, to exit using the initial parameter values (Figure 11, green box).

= FINISH 1= el
IVAL: inital values; AVAL: values after optimisation
IVAL AVAL &
» 0.725185136361799 0.386663536397392
0.910064477242275 0.876050823694151
vl
make the result values usable exit using the initial parameter values

Figure 11: Finishing window of the optimization.

To check your results you have to pay attention to a few things.

1. Check in opti_result.txt if the number of iteration steps was sufficient and if

the optimization process has finished successfully.
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2. Did you choose the right range for minimum and maximum parameter
values?

3. The Nelder-Mead-method is sensitive to the initial values. Change the starting
point of optimization (IVAL) to make sure, that the global minimum of the

error function was found instead of a local minimum.

Uncertainty analysis

This feature is only available if the result table contains information about the
variance of the observations. It will be skipped if the “ob.variance” field (Figure 8) is
left empty.

“Uncertainty (FIM)” (Figure 3, blue box) means uncertainty calculation from the
Fisher Information Matrix. This process includes additional model runs. The first run
uses the optimal values of the parameters, followed by model runs where each
parameter is changed by 1%.

You can find the result of the uncertainty calculation in the text file (opti_result.txt).
There optimized parameters with mean value, standard deviation (+), and
correlation between the parameters are stored. The results are also kept in the
PARM_INT table containing a record for each parameter:

e error: standard deviation of this parameter

e r_n: correlation coefficient between this parameter and the nth parameter.

With the drop down selection each parameter can be chosen to check the sensitivity
of each observation. Names are visible when parameters have an alias name in the
PARM_INT table. The graphic can be helpful for the proper selection of the dataset
and for future experiment design (compare with Figure 5).

Batch call of the optimizer

Calling the optimizer.exe is possible via BATCH call using the following parameters:
DB=<database file>

RT=<result table with observations and model results>

CD=<selection condition if not all records of the result table shall be included>
OB=<field name (column) of the observation data>

OV=<field name of the variance data>

MO=<field name of the model results>

17



IX=<field name of the index that separates different data types>
EF=<error function: RMSE/NRMSE/CV(RMSE)>
NX=<maximum of iteration steps>

KR=<tolerance criterion for the optimal solution>

RF=<run file (batch) for the model call>

RS_<dataset name> : textfile with the optimization protocol

GO : start the optimization process

Example:

optimizer.exe DB=CCB_bdfsa.mdb RT=cn_result CD="id =5 and year = 2015"
OB=meas_value = OV=? MO=sim_value IX=M_IX EF=CV(RMSE) NX=100
KR=0.0001 RS Clossa_17 RF=modcall.bat GO

Additional Tools

In case that the model input and/or output are only available in *.txt files, the tools
parmadapt.exe and resimp.exe might be helpful to integrate the data into the
optimization scheme (Figure 12).

parmadapt.exe
moves altered

resimp.exe
moves output data

from text files into the
database

parameters into model
specificinput files

Pl bbbl el il -----\
' oS N I N ‘
I v e !

o l I
I : I I
: ¢ | CALCULATOR | I
- I
l o | )
l ;J s ' I

*------------------------_’

analyze the mismatch

and try new values




Figure 12: Interface connection of parmadapt.exe and resimp.exe within the optimizer framework to enable

the work with text files.

Moving data into text files using parmadapt.exe

Adapt

The parmadapt.exe provides the opportunity to automatically
update data from the database into *.txt files. This can be a
helpful tool when using the optimizer.exe with models that
do not have a database interface. In this way parameters that
are to be optimized can be updated within the input files of
the model before each model run. Each data item is
considered as a list of the elements: '0'..'9',".",'-".

The name of the *.txt file, as well as exact information about the position (line and
column) of the parameters have to be given. The interaction between the elements is
visualized in Figure 13.

Description of the specific parameters has to be given in a new table within the

database:

attribute

parameter

fname

line
item

cnint
comment
hrz

meaning type
name of the parameter (not mandatory) Text
name of the original *.txt file into which the Text

parameters have to be updated (has to be in the

same directory as the database)

line number of the parameter within the *.txt file Integer
column number of the parameter within the *.txt Integer
tile

value of the parameter which has to be updated = Double
space for your own information (not mandatory) Text
selection criteria of the parameter Text

Calling the parmadapt.exe is possible via BATCH call by the following parameters:

DB=<database file>

CL=<table name containing the control list>

T=<lag time in ms> (to synchronize the system cache on slow PC)

GO process the parameters and wait for start

! start after processing the parameters (no wait)

Example:

parmadapt.exe db=demo.mdb t=40 cl=parmsoils go !
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EH PARM_INT

= = B
item_ix - FNAME PNAME § ~ | MINIMUM -~ | MAXIMUM - IVAL - STEP - AVAL ~ JSELEKTION §~ ALIAS - ERROR =~ (&
parmsoils | fcntnt 0.25 0.45 0.35 0.05 | 0.3997794234hrz=12 A =
A parmsoils cntnt 0.1 0.2 0.15 0.05 § 0.17969035698Nrz=22
parmsoils cntnt 05 0.0001 0.00025 0.00005 0.0001@nrz=32 -
Datensatz M 4 4vond | "N i Kein Filter | Suchen 4 [ /| \ 3
) \\ / \
EH parmsoils \ =
arameter - fname - line - item cotpt L Whmment - hrz v |~
FK2 soils.IN 1 0.3997794234 12 =
PWP2 soils.IN 1| 0.1796903569 22
Ksat2 soils.IN 1 1] 0.0001 32 -
Datensatz: 4 4 4von4 H { kein Filtey/| [Suchen w 3

1| soils.IN - Editor

[=si=]r=]
Datei Bearbeiten Format Ansicht ?
0.0 2.0 0.91 0.399779423410936  0.17969035692539 0.70 0.10 0.59 0.19 0.031 0.06 0.0001 4.50
2.0 5.0 0.91 0.4 0.179946375430458 U.lu U.zU . 0.19 0.031 0.05

0.000160179126004022 4.50 ]
5.0 10.0 0.91 0.399881518828744 0.17926951837244 0.10 0.30 0.59 0.19 0.031 0.03 0.000222713804363289 4.50 —
10.0 20.0 1.24 0.3 0.12 0.10 0.15 0.54 0.23 0.031 0.01 0.00023 4.50

Figure 13: Links between A) the parameter interface (PARM_INT) of the optimizer and the mandatory
parameter table (here “parmsoils”) within the database, and B) the transfer from the database into a text file.

ll'//

If parmadapt.exe is called without the
interface appears as shown in Figure 14.

command within the batch call the

#f ParmAdapt

dtsbase | b ]

tablename [parmsois |

name list of destination files

frame.
» soisiN

pam st of curent destinion files

line item enint
45423410936
533035692533

12 0.00m
4 04
5 5376436438

129126004022

431518820744

et

Figure 14: Interface of parmadapt.exe.

Extraction of data from text files using resimp.exe

With the resimp.exe the user has the possibility to load
values of selected columns from *.txt files (e.g. output/result
files) into the database. In this context a value is a list of the
elements: '0'..'9", !, '-', '/'. Selected data is stored in an
automatically new created database table. It has to be noted
that the resimp.exe additionally loads the first and second
column of the *.txt file by default, since these columns
contain date information in most cases.

Calling the resimp.exe via BATCH call requires information about the *.txt file and
the column that has to be extracted. The following parameters are used:
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DB=<database name>
RT=<result table> (if the call contains a “*” the table will be re-created)

HD=<number of headlines to be skipped of the text file to reach the required table
without header>

Ix=<item number x(x <=3) to be included in a list of variables (table column Wx)
with type double>

or

IN=<number of a single input column from the text file additionally to the first two
columns, that are supposed to contain year and day number >

Example:

resimp.exe db=demo.mdb rt=vwc2 in=3 fn=vswc.out go !

ll'//

If resimp.exe is called without the command within the batch call the interface
appears as shown in Figure 15Figure 14.

Q txtimp = || = | ==
txt filename
day_soiln_5.txt headlines: 5

single item with year and day ar list of max 3 items:

20 20

data base file
d:'daten\delphi_xelcch_acchitoolb_dbRGreu.mdb
table name

testtab3

recreate table

\ db connect J

L e

[ ex

Figure 15: Interface of the resimp.exe.

The interaction between the elements is visualized in Figure 16Figure 13.
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ﬁUnbenannt- Editor EI@

Datei Bearbeiten Format Ansicht 7 A
REM INSERT N20 FLUX (NITRIFICATION AMD DENITRIFICATION) DATA INTO THE DATABASE USING THE RESIMP.EXE -

resimp. exe db=demo.mdb |rt=nnZoresfhd=1 1n=3 fn=nflux.out]go !
resimp. exe db=demo. mdb T

| nflux.out - Editor [=o][@][=]
Datei  Rearbeiten Eorooa 1
time  dayofyr nit_N20-N § dnit_N20-N  dnit_N2-N NO-N CuM-N20(gN/ha) CuM-No(gN/ha) B o
2012.00 1 1.2617 0.0976 0.0371 0.0000 1.3593 0. 0000 o
2012.00 2 1.2445 0.0884 0.04865 0.0000 2.6922 0.0000 I
2012.00 3 1.2381 0.0824 0.0525 0.0000 4.0127 0.0000
2012.00 4 1.2481 0.0830 0.0500 0.0000 5.3438 0.0000
2012.00 5 1.2303 0.0799 0.0550 0.0000 6.6540 0.0000
2012.00 6 1.2214 0.0773 0.0576 0.0000 7.9527 0.0000
2012.00 7 1.2193 0.0758 0.0591 0.0000 9.2478 0.0000
2012.00 8 1.2058 5 0 0.0599 0.0000 10.5286 0.0000
2012.00 9 1.2137 0.07 0.0577 0.0000 11.8188 0.0000
2012.00 10 1.1968 0.0757 0592 0.0000 13.0913 0.0000
2012.00 11 1.1896 0.0749 0. 0.0000 14.3558 0.0000
2012.00 12 1.1948 0.0752 0.0569 0.0000 15.6257 0. 0000 il
Gedndert am: 12.05.2015 09:34:20 ——
] cnp_mwer Tabelle L= nn2ores | \ BoE g
T stelit am: 08.08.2011 19:36:38 o — jday - sval Q
Gear.nrtanj‘ 12.05.2015 09:34:20 2012 ql e el
CND_MWi Tabelle iR 3 farg
Erstellt am: 06.08.2841 19:36:38
Gesndert am: 15.08.2098,1 2:45:57 2012 3 1.2381
'j CNDHRZN Tonlle 2012 4 25
Erstellt am: 08.08.2011 19:36:39 2012 s 1.2303
Gesndert am: 15.08.2015 13:34:20 2012 6 1.2214
dn2ores Tabelle N 2012 7 1.2193
Erstellt am: 23.11,2015 11:37:39
Gesndert am: 23.11.2015 11:37:40 2012 8 L2058
ITEM_LST Tabelle 2012 ° L7
Erstellt am: 05.06.2011 10:52:20 201 10 11968
gandartam: 12.05.2015 09:34:20 2012 11 1.1896
'jnnzores Tabelle 2012 12 1.1948
Erstellt am: 23011.2015 11:37:48 2012 13 1.19
CMOETE M 25.11.2015 11:37:48
2012 14 1.1854
E=3 parMNT Tabelle mam P e

Figure 16: Batch call (A) for inserting specific rows of a model output file (here “nflux.out” - B) into the
database (C).

Besides the optimization purpose the application of resimp.exe can be helpful to
obtain more clarity when working with large text files.

Database processing using sqlpro.exe

To make the data suitable for the optimization process, it
might be necessary to apply the sqlpro.exe to bring data into

= the result table. The sql processor sqlpro.exe is designed to
execute scripts of several sql statements (Figure 17).

It can be called with the following parameters:
DB=<name of the ACCESS database>

SQL=<name of the text file containing the sql statements>
GO (optional)

$xyz=<value> (optional)

Remarks:

Without specifying “GO” in the program call, you see a window comparable to
Figure 9. Here, it is possible to edit the script, check the parameters, and finally
execute the script. If the last statement provides a dataset, it will be shown on the
sheet [result data set].
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Any string starting with “$” is interpreted as parameter in the SQL script. This is
helpful to make sql scripts more flexible, for example when different treatments with
changing IDs have to be addressed. All appearances of $xyz will be replaced by
<value> prior execution of the script. The number of parameters is not limited. The
use of meaningful names (other than $xyz) is strongly recommended.

Example:

sqlpro.exe DB=demo.mdb SQL=anything.sql $snr=17 GO

Supported sql statements are:

e Select

e Insert

e Update

e Delete

e Drop
Remarks:

An additional (non sql) statement is the term “edit_table” that opens a table in an
edit mode to change values.

Furthermore, it is possible to insert a dataset into a *.txt file using the keyword
“totxt”, followed by the desired name of a text file instead of “into” with a table
name.

For a better documentation of more elaborated scripts it is possible to include
comments by starting the line with the “#”.
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D cdy_postprocessing B ] 22

open db C:\Userstkustova\Documents\03_Review\Daten\Saenger _2014Vrequired\saenger _np.mdb [~ data change execute script
open sal C:\Users\kustova\Documents\03_Review\Daten\Saenger_2014Vrequired\get_res_bak.sql save scaript

UPDATE inkb_rslt INNER. JOIN (master_inkb_opt INNER. JOIM inkb_rslt_4opt OM master_inkb_opt.tritmnt_id = inkb_rslt_4opt. trimnt_id) ON
{inkb_rslt_<opt.obsval = inkb_rslt.obsval) AND (inkb_rslt.s_ix = inkb_rslt_4opt.s_ix) AND (inkb_rslt. time = inkb_rslt_<opt.time) SET inkb_rslt_4opt.modres
= [inkb_rslt].[modres]

WHERE ({(master_inkb_opt.state)=-1));

v

result data set parameters

update =gl code with parameter values |

cdear grid |

Figure 17: Interface for the sql processor.

Managing serial treatments using oma.exe

Oma.exe is an optimization master, which can be used for e.g.
optimization of a series of treatments with almost one click.
The user has to provide a template for the model call which
@ A includes preprocessing, model call, and postprocessing of the
data similar to the optimizer. The call may contain a
replaceable parameter symbol, which relates to the actual

treatment as described in Fehler! Verweisquelle konnte nicht gefunden werden.,
where “##” is used.

It is required to prepare the master table (Figure 18) with details about the
infrastructure and the table “master_int”, which is a collection of the parameter
interfaces for each optimization problem.
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:E rmaster_opt —

_ trtmnt - | trtmnt_id - restab - condition - | obs_field - mod_field - | state - var_fielc ~ idx_fiele - | errfunc -
Y 110 tmp_cn_result 1=1 meas_value  sim_value 0?7 M_IX MRMSE
100 tmp_cn_result 1=1 meas_value  sim_value o°? M_IX MRMSE
130 tmp_cn_result 1=1 meas_value  sim_value o M_IX MRMSE
20 tmp_cn_result 1=1 meas_value  sim_value o°? M_IX MRMSE
30 tmp_cn_result 1=1 meas_value  sim_value 0?7 M_IX MRMSE
120 tmp_cn_result 1=1 meas_value  sim_value 0°? M_IX MRMSE
140 tmp_cn_result 1=1 meas_value  sim_value o M_IX MRMSE
160 tmp_cn_result 1=1 meas_value  sim_value o°? M_IX MRMSE
90 tmp_cn_result 1=1 meas_value  sim_value 0?7 M_IX MRMSE
190 tmp_cn_result 1=1 meas_value  sim_value o0°? M_IX MRMSE
m‘ 170 tmp_cn_result 1=1 meas_value  sim_value 07 M_IX NRMSE
* 10 tmp_cn_result 1=1 meas_value  sim_value -99 ? M_IX NRMSE
\ & ‘ 220 tmp_cn_result 1=1 meas_value  sim_value 0?7 M_IX MRMSE
m 50 tmp_cn_result 1=1 meas_value  sim_value -99 7 M_IX MRMSE
BRI W 250 tmp cn result 1=1 meas value  sim value -39 ? M IX NRMSE

Figure 18 : Example for the master table. Here, the condition is set to 1=1 (true) for each treatment; therefore all
records in the result table will be used with the error function NRMSE (errfunc) for separating the different
observation types by means of the field M_IX in tmp_cn_result. No Variance field is specified (var_field: ?);

therefore the results will contain no error information.

The structure of the master table is equal to PARM_INT with an additional attribute
that is used as control field (trtmnt_id in Figure 19):

attribute meaning type
trtmnt_id treatment index integer
trtmnt name of the treatment text
restab text
condition text
obs_field text
mod_field text
state -99 excluded record, -1 record to be processed, 0  integer
included record
Var_field (optional) text
Idx_field (optional) text
Errfunc one of : RMSE / NRMSE / CV(RMSE) (optional) text
= master_int: o B R
trtmnt_id -t FNAME -| PNAME ~| MINIMUM - | MAXIMUM - IVAL -| STEP - AVAL - | SELECTION =~ ERROI ~ | alias «
10 soilproperties cif 0.001 0.99 0.5 0.01 0.21143104977 soil_id=19 cif
10 measurements meas_value 0.0001 4.95 0.08 0.001 0.08973154271 MEAS_ID=681 nini =
10 measurements  meas_value 0.165 4,95 0.77928 0.005 0.84597023293 meas_ID=31 cini
20 soilproperties  cif 0.001 0.99 0.5 0.01 0.99 soil_id=8 cif
20 measurements  meas_value 0.165 4.95 0.7 0.005 0.73256260759 meas_|D=41 cini
20 measurements  meas value 0.0001 4,95 0.08 0.001 0.07304604600 MEAS_ID=636 nini
30 soilproperties cif 0.001 0.99 0.5 0.01 0.01677889100 soil_id=10 cif
30 measurements  meas_value 0.165 4,95 0.56959 0.005 0.65670317951 meas_ID=608 cini
30 measurements  meas_value 0.0001 4.95 0.056 0.001 0.06604768591 MEAS_ID=672 nini
50 soilproperties cif 0.001 0.99 0.5 0.01 0.00100000000 soil_id=22 cif
50 measurements meas_value 0.165 4,95 1.4 0.005 1.59650899271 meas_ID=61 cini
50 measurements meas_value 0.0001 4,95 0.14 0.001 0.15672803196 MEAS_ID=632 nini
70 soilproperties cif 0.001 0.99 0.5 0.01 -99 soil_id=9 cif
70 measurements  meas_value 0.165 4.95 6.53004 0.005 -39 meas_ID=627 cini

Figure 19 : Master_int table: structure and example of a record set.
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After a blank start of oma.exe you have to specify the database that shall be used.
This automatically selects the directory of the database as working directory. From
this database you have to select the master table (Figure 18) with all required
information for the optimization run (see chapters “Definition and selection of
parameters” and “Definition and selection of results”). This table should specify at
least the names for columns with e.g. treatment ID as control field, treatment name
for the result file, selection condition, observed data, simulated data, and variance of
observed data (compare with Figure 8, green box). Then select the control field which
acts as a key. Furthermore you have to limit the maximum iteration steps and define
a value for the tolerance criterion at which the optimization is finished. After
choosing the model call, click on [go] and start the serial optimization. The batch file
will be called by the optimizer and needs to prepare the result table at each model
call. Results will be saved in *.txt files in the database folder. After each model run
the result table (here tmp_cn_result) and the columns obs_field and mod_field are
used by the optimizer.

r -

* Dptimization Maskter X

master table; |master_opt = contral figld | trtrnt_id -
working directory  |d:hdatenccb_clientsbdf_zatwworkshop'

parameter symbal:  |#H [ will be replaced by contral field walue in condition and batch call]

masimum iteration count= | 100 stop iteration if progress < |0.0007

treatment exclugion | batch call

template model call win_cch_demo.bat change file

cch_2015_webexe DE=CCEB_bdfza_reu_adptcn.mdb BAT=1 PPO1=uze_none.zq PPO2=use_plat.zql go!
cdy_ppp.exe DBE=CCE_bdfza_neu_adptcnmdb  SGL=cchonres.sql $i_id=H## go!

optional: | change file
pozt optimization call for each treatment in list:
process meszage
preparation for D= |4 ful}

Figure 20: Optimization master for an example where “##” is used as the replaceable parameter.
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For each record of the master table oma.exe will prepare and execute a temporary
batch call for the optimizer (tmp_opti.bat) and a temporary model call
(tmp_modcall.bat) that will be used by the optimizer. Furthermore, it is possible to
have an additional batch file that is called after the optimizer has finished one task.
These batch calls are based on the specified templates where the optional parameter
string is replaced by the current value of the control field. If the optimization has
finished, the result values of the parameters are transferred into the master_int table
and a post optimization batch will be executed if prepared in advance.

Oma.exe itself can be called in a batch program using the following parameters:
DB=<database file>

MT=<name of the master table>

MF=<name of the control field (master field)>

RF=<template for the model call (may contain a parameter symbol)>
PF=<batch file that is executed after each finished optimization (optional)>
PRS=<parameter symbol that shall be replaced in batch files (optional)>

GO process is started automatically

Example:

oma.exe DB=ccb_data.mdb MT=master_opt MF=trtmnt_id RF=run_ccb.bat GO

Extended example using OMA

Problem: a model calibration has to be performed for a number of treatments where
always the same parameters have to be adapted. Here we use the CCB model and
want to find the optimal pool distribution at the beginning for eight different bare
fallow plots.

The master_opt table looks like this (Figure 21: content fo the
master_opt table in this examplerigure 21):

=1 master_opt = =
] | trtmnt - trtmntid - restab - | condition ~-| obs_field -| mod_field - state «| wvar_field - idx_field -| errfunc
1 Askov B3 1 simres 1=1 meas_value sim_value 0 vrnz fl_id RMSE
2 Askov B4 2 simres 1=1 meas_value sim_value 0 vrnz fl_id RMSE
3 Grignon 3 simres 1=1 meas_value  sim_value -99 vrnz fl_id RMSE
4 Kursk 4 simres 1=1 meas_value  sim_value -99 vrnz fl_id RMSE
5 Rothamsted 5 simres 1=1 meas_value  sim_value -99 vrnz fl_id RMSE
6 Ultuna 6 simres 1=1 meas_value  sim_value -99 vrnz fl_id RMSE
7 Versailles 7 simres 1=1 meas_value  sim_value -99 vrnz fl_id RMSE
8 Lauchstadt Fex 8 simres 1=1 meas_value  sim_value -99 vrnz fl_id RMSE

Figure 21: content fo the master_opt table in this example
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We have specified where the system will find the observed values (obs_field) the
simulation results (mod_field) and the variance of the observations that are available
in this case. As an index field (idx_field) we use the fl_id despite it is not necessary as
the error function (errfunc) is set to RMSE and anyway, we will optimize each
treatment separately. To test the approach we have selected only the treatments 1
and 2.

The master_int contains all the information for the optimizer- here already
containing the results for the first two treatments (Figure 22 ).

= master_int

trtmnt_id ~| PNAME ~ FNAME ~ | MINIMUM ~ | MAXIMUM -~ IVAL = STEP ~| AVAL - | SELECTION -~ ALIAS ~| ERROR -~
1 K_DEG CDYAPARM SHHHHHARRRHH HHEHRRRRHH HHEHERRRHH RHEARRRHH SRRRRHHR ITEM_IX=1 kdeg HEHHHHHHEER
1c am som_state 2000 100000 16000 200 sEEEEEEE fl_id=1 caos =szIsssssss
1csm som_state 4000 120000 28700 A00 sEFEEEss fl_id=1 C505 S S
1clts som_state 500 150000 16000 50 s f|_id=1 clts HHHHHHHE
2 K_DEG CDYAPARM ITEM_IX=1 kdeg HHHHHHHIHRR
2 c_am som_state 2000 100000 16000 200 sHEHEHEE | id=2 Caos sEEszomtsnsh
2 c_sm som_state 4000 120000 28700 A00 sEEHEEEE f_id=2 C505 smEszomnsanh
2c lts som_state 500 150000 16000 50 s fl_id=2 clts RHHHHHHRN
3 K_DEG CDYAPARM ITEM_IX=1 kdeg
3 c_am som_state 2000 100000 16000 200 sEHHEEEE fl_id=3 caos
3 csm som_state 4000 120000 28700 400 #HHHHHHHHH fl_id=3 Cs05
3 c lts som_state 500 150000 16000 50 AR fl_id=3 clts
4 K_DEG CDYAPARM ITEM_IX=1 kdeg
4 c_am som_state 2000 100000 16000 200 sEHHHEE | id=4 Caos
4 c_sm som_state 4000 120000 28700 A00 HEHEHH#EEE f_id=4 cs0s
4c lis som_state 500 150000 16000 50 s fl_id=4 clts
5 K_DEG CDYAPARM ITEM_IX=1 kdeg
5cam som_state 2000 100000 16000 200 #HHEREHE Tl_id=5 €aos
5 c_sm som_state 4000 120000 28700 A00 s f_id=5 C505
sl s snm state snn 150000 1RNNN SN s fl id=S rlts

Figure 22: abbreviated content of the master_int table
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The batch call for oma.exe is:

oma.exe DB=d:\ ..\ ccb_bf.mdb M T=master_opt MF=trtmnt_id RF=ccb_run.bat PF=post_opt.bat
PRS=##

The batch files that are specified to run the model and for the post optimization
procedure are ccb_run.bat:

ccb.exe DB=d:\ ..\ ccb_bf.mdb ID=## go !
sql_pro.exe DB=d:\..\ccb_bf.mdb SQL=d:\..\get _res.sql go!
copy ccb_report.txt ccb_report##.txt

and post_opt.bat:

sql_pro.exe DB=d:\..\ccb_b.mdb SQL=d:\..\postopt.sql $id=## go !
copy ccb_report.txt ccb_report##.txt

In each batch file is included the execution of one sql script that prepares the results
for the optimizer get_res.sql:

DELETE * from simres
g0

INSERT INTO simres ( sim_value, meas_value, fl_id, [year], m_ix ,vrnz)

SELECT sim_result.sim_value, measurements.meas_value, sim_result.fl_id,
measurements.year, sim_result.m_ix,measurements.vrnz

FROM (sim_result INNER JOIN measurements ON (sim_result.year_num =
measurements.year_number) AND (sim_result.m_ix = measurements.M_IX) AND
(sim_result.fl_id = measurements.FL_ID)) INNER JOIN site_state ON sim_result.fl_id =
site_state.FL_ID WHERE (((sim_result.m_ix)=7) AND ((site_state.status)=1));

go

And collects the final resulst of the optimization including the uncertainty analysis
postopt.sql:

DELETE from opti_result where fl_id=$id
Q0

INSERT INTO opti_result ( parm, optval, ERROR, r_2, v_3, r_4, fl_id )
SELECT parm_int.alias AS parm, parm_int.aval AS optval, parm_int.error, parm_int..r_2,
parm_int.r_3, parm_int.r_4, $id AS fl_id FROM parm_int

go

DELETE from sim_result_all where fl_id=$id
Q0

INSERT INTO sim_result_all ( sim_value, meas_value, fl_id, [year], m_ix ,vrnz)
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SELECT sim_result.sim_value, measurements.meas_value, sim_result.fl_id,
measurements.year, sim_result.m_ix,measurements.ornz

FROM (sim_result INNER JOIN measurements ON (sim_result.year_num =
measurements.year_number) AND (sim_result.m_ix = measurements.M_IX) AND
(sim_result.fl_id = measurements.FL_ID)) INNER JOIN site_state ON sim_result.fl_id =
site_state.FL_ID

WHERE (((sim_result.m_ix)=7) AND ((site_state.status)=1))

go

Obviously, the master process will replace the symbol ## in both batchfiles with the
current treatment ID. This is then used as parameter for the included program calls
and as parameter for the postopt.sql with the construction $id=##
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