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I’ll take the easy way out, writing around the old documentation in the Old
Manual attached at the end of this document as Appendix B. Algorithms
are explained in Oz80.pdf, which is a longer (older) version of the 1983 article
in Biometrics. There is also Report9.pdf that describes in detail the code
in an older version of the software, much of it still relevant. Appendix A
contains gory details about derivative calculations, for the record.

Unless stated otherwise, everything here applies equally to the Microsoft
Windows and Linux versions.

1 Changes from Old Manual

Section 2. The program is now (almost) standard Fortran 77 (actually,
mostly Fortran 66). It has been restructured into 4 files: Driver.f
has the main program and subroutines GET, PUT, and RDATA
(these have been changed to use a different data structure, see below).
Guts.f contains the main routines, unchanged (except for increasing
the data array bounds from 20 to 100 in FUNCT and DERS): NEW-
TON, FUNCT, DERS, CHOL1, CHOL2, and CHINV. Report.f con-
tains subroutine REPORT, unchanged. Models.f has TRPARS and
TRDERS, with a number of model versions selectable through a model
number; it may be substituted by a user-supplied model version. In
EasySDE version 2.0 array dimensions were increased to handle up to
10 global parameters (was 6).

Section 3.1. The unit numbers are ignored, files are taken from the com-
mand line (the monitoring file is hard-wired to standard output).
There are three additional items at the end of the control file: model
number, and age and height scaling factors. For an example see the
CTRL.tmp file generated by the GUI.

Section 3.2. For each plot, the structure is now:

• Plot identification (INTEGER*4).

• Number of measurements (integer ≤ 100).

• For each measurement: age and height (double precision), scaled
through division by the scaling factors.
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Although likely an overkill, the maximum allowed number of measure-
ments for any one plot is now 100, up from the old 20 (memory is
cheap these days).

Program DataPrep can be used to generate the Data and Parameter
files, see Section 2.2.

Section 4. Subroutines TRPARS and TRDERS have some additional ar-
guments, see the source code. If needed, the scaling factors and model
number (from the end of the control file) are available through a COM-
MON block:
DOUBLE PRECISION tScale, hScale
INTEGER model
INTEGER*4 plotID
COMMON /ESDE/ tScale, hScale, plotID, model

The plot ID number, plotID, was added in EasySDE version 1.1. In
Section 4 there is an example of when this might be useful.

Program Generate can be used to generate automatically these sub-
routines for any model specification, see Section 4.

2 Implementation

2.1 Data

Data for DataPrep must be provided as a text file where each record contains
the plot number, age, and top height. All the records from a plot must be
contiguous, ordered by increasing age (DataPrep checks this). Fields must
be separated by white space (any number of spaces, tabs, and/or newlines).

Although not necessary for DataPrep, for use with SitePlot or gnuplot the
plot number, age and height must be together in separate lines, and different
plots must be separated by a blank line. See examples in the Work folder.

2.2 Data preparation

DataPrep.exe takes the ASCII data file, and optionally a file with initial local
parameter values, and generates the intermediate binary data and parameter
files for the estimation program SDEfit. The command line is:
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DataPrep InputData BinData BinPars InputPars

InputData (input) is the ASCII input data file, in the format explained in
Section 2.1.

InputPars (input) is an optional ASCII file containing some column with
initial local parameter estimates, in the same order as InputData. Extra
header lines are allowed, so that the report file from a previous run could
be used. This argument can be omitted.

BinData (output), a binary unformatted Fortran file containing the data,
for input to SDEfit.

BinPars (output), a binary direct-access file with the local parameter values,
for input to SDEfit.

The program prompts for the numbers of global and local parameters, initial
global estimates, and values and/or location of initial local estimates in
InputPars, if any. If a local value is entered at the prompt, the same initial
value is used for all plots. See the example in Section 4.1.

2.3 Parameter estimation

The main estimation program is SDEfit.exe, called as:

SDEfit Control BinData BinPars Report

Control (input) is the control data file explained in Section 3.1 of Old Man-
ual, with the changes indicated here in Section 1.

BinData and BinPars are as described in Section 2.2. BinData is not al-
tered. On exit BinPars contains the final local parameter estimates and
other information (see Section 5.3 in Old Manual). It can be used as input
to other SDEfit runs.

Report is the main output, see Old Manual, Section 5.2.

In addition, iteration information is sent to standard output (Old Manual,
Section 5.1).
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3 Graphical User Interface

The GUI consists of some Tcl/Tk scripts that serve as “glue” to run Dat-
aPrep and SDEfit.

The main program is EasySDE.tcl, which calls modelinfo.ui.tcl and Run-
Log.ui.tcl. These last two files were generated with SpecTcl, an in-
teractive GUI builder (http://dev.scriptics.com/software/spectcl/, now at
http://spectcl/sporceforge.net). If Tcl/Tk is installed, EasySDE.tcl can be
run by double-clicking. Otherwise, it can be passed as an argument to
tclkit.exe, a packaged version of Tcl/Tk (http://www.equi4.com/tclkit). In
the Windows version this is implemented in the provided shortcuts.

EasySDE.tcl prompts for the data file, parameter estimates, and other in-
formation, and executes DataPrep, capturing its standard output. It does
not use the optional input parameter file. The intermediate binary files are
left in DATA.tmp and PARS.tmp. A control file CTRL.tmp is also gen-
erated. Then SDEfit is executed on these files, capturing the monitoring
output, and a slightly edited version of the report file. The standard re-
port file is left in REPORT.tmp. EasySDE has also an option for using
DATA.tmp, PARS.tmp, and part of CTRL.tmp from a previous run (skip-
ping DataPrep).

Also available is SitePlot.tcl, which executes gnuplot after preparing a com-
mand file in SitePlot.plt.

Note: The SpecTcl output tcl files were edited by hand for EasySDE version
2. Therefore, the intermediate SpecTcl *.ui files are out of date.

4 Model subroutines generation

Implementing alternative model versions used to be fairly involved and error-
prone (Appendix A). It is now largely automated by Generate.tcl. This
tcl script takes a model specification as used in EasySDE, for instance
“G1+G2*L1 L1 G3 0 G4 G5 0 0”, and produces the Fortran code for the
appropriate TRPARS and TRDERS subroutines. If parameter expressions
are specified, as in this example, it may prompt for derivatives with respect
to the global and local variables.
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Each basic parameter term must be written without spaces. Use the For-
tran/gnuplot exponentiation operator “**”, e.g., G1*L1**G2. The script is
case-sensitive.

In general, the subroutines are generated complete, in their final form. Only
in some more complex situations manual editing is required, see Example
4.3 below.

Save the generated subroutines, e.g. as MyModel.f, and compile together
with Driver.f, Guts.f, and Report.f.

For instance (on Windows), using the gnu G77 Fortran compiler installed
in the standard directory, just drag and drop MyModel.f on top of the com-
pile.bat file provided. This produces the executable MyModel.f.exe, that
can be used in the same way as SDEfit.exe.

4.1 Example: Fixed asymptote

We assume that on Windows the g77 Fortran compiler is available, e.g.,
after unzipping http://forestgrowth.unbc.ca/sde/g77win.zip into C:.
On Linux the compile script checks for g77, gfortran, or fort77 (f2c).

Suppose that our data is too young to provide a reliable estimate for the
asymptote a, but that we have a reasonable guess from other sources (e.g.,
Forest Ecology and Management 229 : 1–6, 2006). Specifically, we want a
model like BLOCAL, but with a fixed, say at 50 m. We may proceed as
follows:

1. Run Generate.tcl, e.g., on MS Windows, open a command win-
dow (Start > All Programs > Accessories > Command Prompt),
change directory (folder) by entering cd C:\EasySDE, and enter
tclkit Generate.tcl. On Linux, in the EasySDE directory enter
./Generate.tcl. A small window appears where you enter the model
specification:

This means that a is 50 divided by the height scale factor, b is the first
and only local parameter, c is global, σ0 = 0, σ and σm are globals,

6

http://forestgrowth.unbc.ca/sde/g77win.zip


and t0 = Hc
0 = 0. In this instance, this is all the information needed

to generate the TRPARS and TRDERS subroutines:

Save as MyModel.f.

2. Now compile, entering
compile MyModel.f
(or ./compile MyModel.f on Linux). This creates an executable
named MyModel.f.exe. There may be some compiler warnings about
possible loss in precision from converting 50 to double-precision. These
can be ignored, or avoided by giving the value as a double-precision
constant 50.0d0 (or 50d0, or 5d1, etc., perhaps saving a few execution
milliseconds).

3. Assuming that your data file is MyData.dat, in directory Work, create
the binary data and parameter files, providing the required info when
prompted:

C:\EasySDE>DataPrep Work\MyData.dat DATA.tmp PARS.dat
Enter number of locals, minimum required measurements per plot,
age scale, height scale, columns in parameter file, lines to
skip at the start, position of plot ID column:
1 2 10 10 0 0 0

Enter positions of each local in parameter file,
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or 0 if given below:
0

Enter initial local estimates (ignored if given in file):
.2

Using 18 plots

(if that is the number of plots in MyData.dat). Use ./DataPrep.exe
... on Linux.

4. Prepare the control file as explained in Section 1, and save it as
CTRL.tmp, for instance. Perhaps the easiest is to edit an existing
CTRL.tmp. E.g.,

5. Run our custom model fitting program:
MyModel.f.exe CTRL.tmp DATA.tmp PARS.tmp MyModel.rpt
(or ./MyModel.f.exe ... on Linux). If everything goes well, the
iteration log displays on screen, and the results are left in MyModel.rpt.

4.2 Example: ALOCBH

The ALOCBH model is already available in the GUI, but let us make it
the hard way for illustration purposes. Running Generate.tcl, we have the
model specification:

Then we are prompted for some derivative expressions:
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Although not strictly necessary, I specified the double-precision dlog() in-
stead of just log() to keep the compiler happy. The subroutines are gener-
ated:

Compare to those in Models.f. The rest is similar to example 4.1.

4.3 Example: Grouping

This is a little more ambitious. We have data from both stem analysis
(SA) and from permanent sample plots (PSP). We want to fit BLOCAL but
allowing the variances to differ between the two groups of plots, because the
error structures are likely to be different (e.g., Forest Science 51 : 277–283,
2005). The SA plots can be distinguished by the plot ID being greater than
10000.

One way of handling this is through defining a function, say iif( , , ), that
returns its second argument if the first (logical) argument is true, or returns
its third argument otherwise. This is like the IIF function in Excel or
OpenOffice Calc, or like the ?: operator in C.
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Assuming that sa is a logical variable that is true for SA plots and false for
PSP, the model specification can be given to Generate.tcl as

The σ and σm parameters for SA will be the 3rd and 4th globals, and the
5th and 6th for the PSP. Now some derivatives:

The output from Generate.tcl needs to be edited by hand to add the con-
ditional function, set the sa logical according to plot number, and include
type declarations for iif and sa. The result looks like this:

C --- Model: G1 L1 G2 0 iif(sa,G3,G5) iif(sa,G4,G6) 0 0 ---

double precision function iif(condition, trueValue, falseValue)
logical condition
double precision trueValue, falseValue
iif = falseValue
if (condition) iif = trueValue
end

SUBROUTINE TRPARS(T0,TK,T)
DOUBLE PRECISION T0(*),TK(*),T(8)
double precision tScale, hScale
integer model
integer*4 plotID
common /ESDE/ tScale, hScale, plotID, model
double precision iif
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logical sa
sa = plotID .gt. 10000
T(1)=T0(1)
T(2)=TK(1)
T(3)=T0(2)
T(4)=0
T(5)=iif(sa,T0(3),T0(5))
T(6)=iif(sa,T0(4),T0(6))
T(7)=0
T(8)=0
RETURN
END

SUBROUTINE TRDERS(T,T0,TK,F,G,H,G0,GK,H00,H0K,HKK)
IMPLICIT DOUBLE PRECISION (d)
DOUBLE PRECISION T(8),T0(*),TK(*),F,G(8),H(8,8),G0(*),GK(*),
+ H00(*),H0K(*),HKK(*)
double precision tScale, hScale
integer model
integer*4 plotID
common /ESDE/ tScale, hScale, plotID, model
double precision iif
logical sa
sa = plotID .gt. 10000
d5g3=iif(sa,1d0,0d0)
...

The additions in the subroutines are the three lines following the common
statement.
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A TRPARS and TRDERS — Model specification
and derivatives

Denote by θi the basic model parameters, with

θ1 = a , θ2 = b , θ3 = c , θ4 = σ0 ,

θ5 = σ , θ6 = σm , θ7 = t0 , θ8 = Hc
0 .

Let Gi be the global parameters, and L1 the local parameter. We assume
here that there is only one local.

A model can be specified by showing how each θi depends on the global and
local parameters:

θi = f(G1, G2, . . . , L1) .

This is how the model is given in the GUI and in Generate.tcl. Essentially
the same thing is done in TRPARS, with θi ≡ T(i), Gi ≡ T0(i), and
L1 ≡ TK(1). See Section 4 of the Old Manual. T0() and TK() correspond
to θ0 and θk in the 1980 paper (Oz.pdf ).

In TRDERS, first and second derivatives of the log-likelihood with respect
to the Gi and L1 must be obtained from the derivatives with respect to
the θi. The first derivatives with respect to θi are available in the input
vector G(), with G(i) = ∂f/∂θi, where f is the log-likelihood. The second
derivatives are in the (Hessian) matrix H(,), with H(i,j) = ∂2f/∂θi ∂θj .

The first derivatives with respect to the globals and local must be given in
the vectors G0() and GK(), respectively:

G0(i) =
∂f

∂Gi
=

∑
j

∂f

∂θj

∂θj

∂Gi
=

∑
j

G(j)
∂θj

∂Gi

GK(1) =
∂f

∂L1
=

∑
j

∂f

∂θj

∂θj

∂L1
=

∑
j

G(j)
∂θj

∂L1

Of course, most terms in the sums will be zero.

The second derivatives are somewhat more complicated, and are output
in the vectors H00(), H0K(), and HKK(), for globals, globals×local, and
local, respectively. The vector H00() stores the upper-triangular part of
the Hessian with respect to the global parameters (which is symmetric), in
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column order. For instance, with 5 global parameters, the indices in H00()
for the elements of the Hessian would be:

1 2 4 7 11
− 3 5 8 12
− − 6 9 13
− − − 10 14
− − − − 15


In other words, if k is the index in H00() of the element (i, j) of the Hessian,
one has:

k 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
i 1 1 2 1 2 3 1 2 3 4 1 2 3 4 5
j 1 2 2 3 3 3 4 4 4 4 5 5 5 5 5

The second derivatives can be calculated as:

H00(k) =
∂2f

∂Gi ∂Gj
=

∂

∂Gj
G0(i)

=
∂

∂Gj
(
∑

p

G(p)
∂θp

∂Gi
)

=
∑

p

∂G(p)

∂Gj

∂θp

∂Gi
+

∑
p

G(p)
∂2θp

∂Gi ∂Gj

=
∑

p

(
∑

q

∂G(p)

∂θq

∂θq

∂Gj
)
∂θp

∂Gi
+

∑
p

G(p)
∂2θp

∂Gi ∂Gj

=
∑

p

∑
q

Hpq
∂θp

∂Gi

∂θq

∂Gj
+

∑
p

G(p)
∂2θp

∂Gi ∂Gj
,

where Hpq = H(p,q) if p ≤ q, or H(q,p) otherwise,

H0K(i) =
∂2f

∂Gi ∂L1
=

∑
p

∑
q

Hpq
∂θp

∂Gi

∂θq

∂L1
+

∑
p

G(p)
∂2θp

∂Gi ∂L1
,

and

HKK(1) =
∂2f

∂L12
=

∑
p

∑
q

Hpq
∂θp

∂L1
∂θq

∂L1
+

∑
p

G(p)
∂2θp

∂L12
.

Again, most terms will be zero.
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PROGRAM FORFITTING HEIGHT GROWTH
MODELS

1 PRINCIPLES

1.1 Basicmodel

Heightgrowth is modelledby a differentialequation

� ��� � � ���	� 
 � �
����� ����� � � ���� 
 � ��� (1)

with initial condition

��� 
 � � �������� ��� ����� � �	!�
 " � ��#� ���
where

�
is the top height,

�
is age, � is a standardisedWienerprocessrepresenting

“environmental”variation,
� �

is a normalrandomvariable,and
�
,
�
, $ , � � , �%� , � and� �

areparametersto beestimated.In addition,it is assumedthat therearealsomea-
surementerrorssothatthemeasuredheights,& , satisfy

& ���	���'�(� ) ��� (2)

wherethe
�

areindependentstandardnormalvariables,and
� )

is anotherparameterto
beestimated.

Integrationof (1) gives

�*�	� + ,���
 ,-������ � � � � . / 0�1 �-� 
 �'��� � � 2 3 4 5 �
��6�
 � � �
(3)

where
6�
 � �

is a randomerrortermwith adistributiondependenton theparameters(see
Garćıa1977,1980,1983for details).

1.2 Model versions

Themodeldescribedin 1.1 appliesto a particularplot or stand.Someor all of the8
parameters

�
,
�
, $ , � � , �%� , � ,

�7)
and

� �
maybedifferentfor differentstands,reflecting

differencesin site quality. A modelfor a region or for a forestmustspecifyhow the
parametersdiffer betweenstands.

In a particularversionof themodel,parametersmaybefixedat givenvalues,may
be constrainedto have the same(unspecified)valuefor all the plots, or may be free
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to take different valuesfor different plots. It is also possibleto have relationships
betweenthe8 basicparameters fixedor constrainedto a commonvalue.This is done
by definingnew secondaryparameterswhich arefunctionsof theold parameters.

A versionis specifiedthenby classifyingeachof eightor moreparameters(some
of which maybesecondaryparameters)asfixed(givenvalue),global (samevaluefor
all plots),or local (free).

Note: In orderfor themodelto beidentifiable,either 8 9 or :;9 mustbefixed.Also,
the numberof free parametersis limited by the minimum numberof measurements
amongtheplots.

1.2.1 Examples

Theusualsite index modelsrequirethatonly oneparameterotherthanthe < ’s canbe
local. Parameters< , <7= and < 9 do not affect theform of theheight-agecurves;they
arespecificto this program,affecting the estimationprocedurethroughthe assumed
distribution of the randomerror terms.Parameters8 9 and :;9 definetheorigin of the
curvesandareusuallyfixed to zero,althoughin somecasescould be usedto adjust
for theeffectof frostsontheinitial growth, or for delaysdueto naturalregenerationor
differentestablishmenttechniques.Someexamplesof modelspecification:

(a) Anamorphicsite index curves. Heightson differentsitesarein the same
proportionfor all ages.Obtainablewith > local, ? and @ global.

(b) Commonupperasymptote,e.g.siteindex curvesin Elliott andGoulding’s
Kaingaroagrowth model.Have > and @ global, ? local.

(c) BurkhartandTennentsite index equations.Could be specifiedby setting
?BADC�E , >�AFE�G H I;J�K L M�N O P C'E'Q R S T U , andmaking C and @ global and E
local.

(d) Southlandgrowth model. The relationship>(ADV�W�C�E , with V , C and
@ global and E local wastested.This includesa) andb) asspecialcases
( V(AXP and C�AXP , respectively). Here E , theSiteIndex, is relatedto ? by
E(A�>7H I-J�K L M�N JYO P ? Q R S T U , thatis, ?-AZJB[ \�] I�J(N E�G H V�W�C'E
R Q U ^ G O P . The
measurementstandarderror < = wastakenaslocaland < asglobal.Values
of 8 9 differentfrom zeroweretried.

1.3 Estimation procedure

Theprogramcomputesthelikelihoodfunctionfor themodelandsearchesfor parame-
ter valuesthatmaximisethefunction.Specifically, a modifiedNewton methodis used
to minimise-2 times [ \ _ , where_ is thelikelihoodfunction(seeGarćıa1980,1983).

An initial estimatefor the parametersis neededfor running the program. Good
initial estimateswill save computertime and reducethe risk of non-convergenceor
localminima.

Thereis a possibility of reachingonly a local maximumof the likelihood. It is
advisableto partially checktheestimates(at leastfor thefinal model)by runningthe
programfrom differentstartingpoints.
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2 PROGRAM

Theprogramis written in Fortranfor theICL 2980.It is structuredasa mainprogram
and11 subroutines,two of themsuppliedby theuser.

Themainprogramreadsin theproblemdescriptionandglobalparametersandcalls
subroutinesNEWTON andREPORT. SubroutineNEWTON is the optimisationpro-
cedure. At eachiteration it readsand writes current local parameterestimatesand
derivatives throughsubroutinesGET and PUT, and calls TRPARS and FUNCT for
computingthe likelihood,andTRPARS, DERSandTRDERSfor computingderiva-
tives. It alsousessubroutinesCHOL1 andCHOL2 to performCholesky factorisation
operations.SubroutineREPORT prints the final estimatesandapproximatestandard
errorsandcorrelations.UsesGET, TRPARS,FUNCT, CHOL2andCHINV.

SubroutinesFUNCT andDERScomputethe likelihood function andderivatives
given the basicparameters.They useRDATA for readingthe data. The usermust
supplysubroutinesTRPARS andTRDERSfor performingthemappingbetweenbasic
andglobalandlocalparametersandderivatives(seesection4, below).

3 INPUT

3.1 Control and global parameters

Thefollowing datais readfrom logical unit 1, in freeformat:

– An alphanumericproblemidentification(first record,80 characters).

– Numberof globalparameters.

– Numberof localparameters.

– Numberof plots.

– Unit numberfor datafile.

– Unit numberfor parameter(directaccess)file.

– Unit numberfor monitoringfile.

– Unit numberfor reportfile (final results).

– Monitoringfrequency, i.e., interval betweenplotsfor whichvaluesareout-
put ateachiteration.

– Iterationlimit (maximumnumberof iterations).

– Tolerancefor convergencetests( ` a b�c is recommended).

– Initial estimatesfor globalparameters.

3.2 Data file

UnformattedFortransequentialfile. For eachplot it mustcontain,in thisorder:

– Plot identification(integer).
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– Numberof measurements(integer).

– 20 valuesfor theages,in decades(doubleprecisionreals).

– 20 valuesfor theheights,in decametres(doubleprecisionreals).

This file is not alteredby theprogram.Readby subroutineRDATA. Theprogram
couldeasilybemodifiedfor keepingthis datain memory.

3.3 Parameter file

Unformatteddirectaccessfile. Recordlengthmustbesufficient for containingd�e f
d�e g dBhYfXi j'flkm d�e g d�e fXi j doubleprecisionreals,wheredBhon numberof global
parametersand d�e�n numberof local parameters.It is convenientto setthe record
lengthto themaximumthatmightbeneededby any model:39 doubleprecisionreals.
As many recordsasthereareplotsareneeded.

On entryto theprogram,theinitial estimatesfor thelocal parametersmustappear
in thefirst d�e positionsof eachrecord.Plotsmustappearin thesameorderasin the
datafile.

Onexit, thefinal estimatesfor thelocalparametersappearonthefirst d�e positions
of eachrecord.

Alternatively, an arrayin memorycouldbe usedinsteadof a file. For doing this,
subroutinesSETPF, GET, PUT, andSAVEPF needto be altered. SubroutineSETPF
canbe usedto createthe array, e.g.by readingfrom someexternalfile. Subroutines
GET and PUT are usedfor readingand writing recordK, respectively, Subroutine
SAVEPFcanbeusedfor saving thefinal contentsof thearray.

4 MODEL SPECIFICATION

A particularmodelversion,i.e. which parametersor functionsof the parametersare
takenasglobal, local or fixed, is specifiedthroughtheuser-suppliedsubroutinesTR-
PARSandTRDERS.

4.1 TRPARS

SUBROUTINE TRPARS(T0,TK,T)
T0 : vectorof globalparameters(input)
TK: vectorof localparameters(input)
T : vectorof 8 basicmodelparameters(output)

Thesubroutinemustdefinethebasicparametersgiventheglobalandlocal param-
eters.Thebasicmodelparametersare:

T(1) = p T(5) = q
T(2) = r T(6) = q7s
T(3) = t T(7) = u h
T(4) = q h T(8) = v�wh
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Notethatat leastoneof T(7), T(8) mustbefixed(or a functionalrelationshipmust
bedefinedbetweenthem).

T0, TK andT mustbedeclaredasDOUBLE PRECISION.
Example,correspondingto 1.2.1(b):

SUBROUTINE TRPARS(T0,TK,T)
DOUBLE PRECISION T0(4),TK(1),T(8)
T(1) = T0(1)
T(2) = TK(1)
T(3) = T0(2)
T(4) = 0.0D0
T(5) = T0(3)
T(6) = T0(4)
T(7) = 0.0D0
T(8) = 0.0D0
RETURN
END

SeeAppendix2 for furtherexamples.

4.2 TRDERS

SUBROUTINE TRDERS(G,H,G0,GK,H00,HOK,HKK)
G : vectorof first derivativesfor basicparameters

(input)
H : matrixof secondders.for basicparms.(input)
G0 : vectorof first ders.for globalparms.(output)
GK : vectorof first ders.for localparms.(output)
H00 : vectorof secondders.for globalparms.(output)
H0K: vectorof cross-ders.betweenglobalandlocal

parms(output)
HKK: vectorof secondders.for localparms.(output)

This subroutinetakesthefirst andsecondderivativesof thelog-likelihoodwith re-
spectto the basicmodelparameters,andproducesthe derivativeswith respectto the
globalandlocal parametersof a particularmodelversion.Any parametertransforma-
tionsmustbeaccountedfor.

H is a xBy�x matrix, but the derivativesarecontainedonly in its upper-triangular
part[i.e. H(I,J) is valid only for I z J].

H00 andHKK arevectorscontainingtheelementsin theupper-triangularpartsof
therespectivesecondderivativematricesin columnorder(or thelower-triangularparts
in row order).

H0K containsthe elementsfrom the matrix of cross-derivativeswith respectto
globalparameters(rows)andlocalparameters(columns),in row order.

Example,correspondingto 1.2.1(b):

SUBROUTINE TRDERS(G,H,G0,GK,H00,H0K,HKK)
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DOUBLE PRECISION G(8),H(8,8),G0(4),GK(1),
1 H00(10),H0K(4),HKK(1)
G0(1) = G(1)
G0(2) = G(3)
G0(3) = G(5)
G0(4) = G(6)
GK(1) = G(2)
H00(1) = H(1,1)
H00(2) = H(1,3)
H00(3) = H(3,3)
H00(4) = H(1,5)
H00(5) = H(3,5)
H00(6) = H(5,5)
H00(7) = H(1,6)
H00(8) = H(3,6)
H00(9) = H(5,6)
H00(10) = H(6,6)
HKK(1) = H(2,2)
H0K(1) = H(1,2)
H0K(2) = H(2,3)
H0K(3) = H(2,5)
H0K(4) = H(2,6)
RETURN
END

5 OUTPUT

5.1 Monitoring file

For eachiterationthefollowing is printed.

{ For eachplot for which the sequencenumberis a multiple of the monitoring
frequency:

– PLOT: plot number

– FUNCTION: thecontribution of theplot to thefunctionbeingminimised,
i.e., -2 timesthelog-likelihood

– LOCAL PARAMETERS

{ At theendof theiteration:

– ITER: iterationnumber

– FUNCT: -2 timesthelog-likelihood

– NPD:Numberof plotsfor whichtheHessians|%} } arenotpositivedefinite
(seeGarćıa1980,sections4.2and4.3)
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– NPD0: 1 if the matrix with factor ~'� � in equation(36) in Garćıa 1980is
not positive-definite,0 otherwise.

– DMAX: maximumof theabsolutevaluesof theelementsof �
– GMAX: maximumof theabsolutevaluesof theelementsof thegradient

– ALPHA: valueof � (Garćıa1980,section4.2)

– GLOBAL PARMS.: currentvaluesof theglobalparameters

5.2 Report file

Thisfile containstheproblemidentification,terminationcondition(“CONVERGED” for
anormalrun),andthefollowing groupsof information.

� For all theplotsthefollowing is printed:

– Plot number

– Numberof measurements

– Contribution to -2 timesthelog-likelihood

– Estimatesfor thelocalparameters

– Approximatestandarderrorsfor the estimates(basedon the inverseHes-
sian)

� Generalinfo.:

– Numberof plots

– Totalnumberof measurements

– Log-likelihood

� Info. on globalparameters:

– Estimates

– Approx.standarderrorsfor theestimates

– Approx. correlationsbetweentheestimates,basedon the inverseHessian
(lower triangularpartof thematrix is printed)

� Info. on averagesfor local parameters,weightedaccordingto numberof mea-
surements:

– Averageof estimates

– Meanstandarderrors(from averageof variances)

– Meancorrelationsbetweenlocalparameters(from averageof covariances)

– Meancorrelationsbetweenlocal andglobal parameters(from averageof
covariances)

� Sameasabove but for the absolutevaluesof the parameterestimates.This is
usefulfor the � ’s,wherethesignis irrelevant.
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5.3 Parameter (dir ect access)file

Thefollowing informationis left in eachrecordof thedirectaccessparameterfile (one
recordcorrespondsto eachplot, in thesameorderasin theinputdatafile):

� Localparameterestimates

� Contribution to -2 timesthelog-likelihood

�(� �
�(�;� � , by rows

� Lower-triangularpartof � � �
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