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PFIM 3.0 is free library of functions. 
The University Paris Diderot and INSERM are the co- owners of this library 
of functions.   
 
Disclaimer 
 
We inform users that the PFIM 3.0 is a tool develop ed by the Laboratory 
« Models and methods of the therapeutic evaluation of the chronic diseases 
"- UMR-S 738, under R and GCC.  
 
PFIM 3.0 is a library of functions. The functions a re published after a 
scientific validation.  
 
However, it may be that only extracts are published .   
 
By using this library of functions, the user accept s all the conditions of 
use set forth hereinafter. 
 
 
Licence 
1.1.1  
This program is free software: you can redistribute  it and/or modify it under 
the terms of the GNU General Public License as publ ished by the Free Software 
Foundation, either version 3 of the License, or (at  your option) any later 
version. 
 
You should have received a copy of the GNU General Public License along with 
this program.  If not, see  
<http://www.gnu.org/licenses/ >. 
 
THIS SOFTWARE IS PROVIDED “AS IS” AND ANY EXPRESSED  OR IMPLIED WARRANTIES, 
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTI ES OF MERCHANTABILITY 
AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED . IN NO EVENT SHALL THE 
UNIVERSITE PARIS DIDEROT OR INSERM OR ITS CONTRIBUT ORS BE LIABLE FOR ANY 

                                                 
∗ The document PFIM3.0_Examples.pdf with fully descri bed examples is also available. 
 



DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, O R CONSEQUENTIAL DAMAGES 
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBS TITUTE GOODS OR 
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINES S INTERRUPTION) HOWEVER 
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN C ONTRACT, STRICT 
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWI SE) ARISING IN ANY WAY 
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF  THE POSSIBILITY OF SUCH 
DAMAGE. 
 
Redistribution and use in source and binary forms, with or without 
modification, are permitted under the terms of the GNU General Public 
Licence and provided that the following conditions are met: 
 
1. Redistributions of source code must retain the a bove copyright notice, 
this list of conditions and the following disclaime r. 
 
2. Redistributions in binary form must reproduce th e above copyright 
notice, this list of conditions and the following d isclaimer in the 
documentation and/or other materials provided with the distribution. 
  
3. The end-user documentation included with the red istribution, if any, 
must include the following acknowledgment: "This pr oduct includes software 
developed by Université Paris Diderot and INSERM (h ttp://www.biostat.fr)." 
Alternately, this acknowledgment may appear in the software itself, if and 
wherever such third-party acknowledgments normally appear. 
  
4. The names "PFIM" must not be used to endorse or promote products derived 
from this software without prior written permission . For written 
permission, please contact france.mentre@bichat.ins erm.fr. 
  
5. Products derived from this software may not be c alled "PFIM", nor may 
"PFIM" appear in their name, without prior written permission of the 
Université Paris Diderot and INSERM.  
 
 
Copyright © PFIM 3.0 – Caroline Bazzoli, Sylvie Ret out, Emmanuelle Comets, 
France Mentré - Université Paris Diderot – INSERM. 
 

www.pfim.biostat.fr  
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1.  Description 
 
PFIM 3.0 is a new version of the R function PFIM fo r evaluation and 
optimisation of population designs in the context o f population 
pharmacokinetics. It is based on extensions of R fu nctions PFIM1.2 [1,2,3]  
and PFIMOPT1.0 [4]  for evaluation and optimisation respectively.  
 
This version is extended for multiple response mode ls (1 to K responses) 
[5,6] . It can also be used for single response models in stead of PFIM 1.2 
or PFIMOPT 1.0 to compute the Fisher information ma trix for nonlinear mixed 
effects models. The development of the matrix  [6]  is the same as for the 
single response models. This Fisher information mat rix is computed for a 
diagonal variance matrix of the random effects. 

 
The between-subjects variance model may be: 

-  An additive model : beta + eta 
-  An exponential model : beta*exp(eta) 

where beta is the vector of the fixed effects and e ta the vector of 
between-subjects random effects. 

 
The residual error is additive with a general model  for variance for each 

type of response: var( ε)=( erintσ + slopeσ *f) 2 , where f is the structural 

model. This variance error model includes the const ant variance model 

( slopeσ =0) or the constant coefficient of variation model ( erintσ =0) as 

special cases. The parameters slopeσ  and erintσ  are included in the 

population parameters to be estimated [3] . 
 
Conversely to the previous versions of PFIM, there is only one function for 
both evaluation and optimisation of population phar macokinetics designs. 
 
In addition to the extension for multiple response models, options have 
been added for model specification and for optimisa tion [7] , compared to 
PFIM 1.2 and PFIMOPT 1.0. These options are also av ailable in PFIM 
Interface 2.1 which however do not handle multiple response models. The 
model can be written using an analytical form or us ing a differential 
equation system. Moreover, with this new version a library of 
pharmacokinetic models is available.  
Concerning optimisation step, an alternative to the  Simplex algorithm has 
been added, the Federov-Wynn algorithm. It allows t o optimise design with 
fixed sampling times in opposite to the Simplex. Th us, the user can have a 
design adapted to medical constraints. 
Options are also available about design optimisatio n with identical 
sampling times according to the group and each resp onse. The design can be 
specified with any sampling times for a response. T hese specifications are 
detailed below. 
 
PFIM 3.0 is developed for R 2.4.1 and higher versio ns. 
 
 

1.1.  Model specification 
 
Models can be specified either with their analytica l form or by using 
system of differential equations.  
 
Moreover, a library of pharmacokinetics model has b een added. It has been 
developed for one or two compartments, for oral (wi th first order 
absorption model), bolus or infusion administration  and after a single 
dose, multiple doses or at steady state. Only model s with first order 
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elimination are available in the library of PFIM 3. 0. Presently, there are 
no model with lag time.  

 
1.1.1.  Library of models 

To use the library of models, the user has to speci fy the path of the file 
librayModels.r  in the model file named by default model.r  using the 
following expression:  
source(paste(directory.program,dirsep,"libraryModel s.r",sep="")) 
where the path directory.program is specified durin g the installation step 
of PFIM 3.0 presented in the section 2. 
An exemple to use the library of models is presente d in the section 3.2. 
The name of the models in the library of models of PFIM 3.0 are identical 
to those presented in the library of PFIM Interface  2.1, but the 
implementation of the model function are different owing to the management 
of the variable dose in both applications. 
 
The list of the models included in the library is g iven in Table 1. The 
table returns every information in order to use the  model function chosen.  
The model is described by: 

-  a name 
-  the type of  input 
-  the order of elimination 
-  the number of compartments  
-  the parameters used ( parameterisation ) 
-  the type of administration  ( sd  : single dose, md: multiple dose, 

ss : steady state ) 
-  for each administration type, some variables are re quired (or 

not). They are specified in the column named: Needed variables ( N: 
number of doses, tau : interval between two doses, Tinf : duration 
of the infusion) 

 
For models with infusion,the user has to specifiy t he duration of infusion 
(TInf) in the needed variable. The rate of infusion  is computed 
automatically in the function model by the expressi on: dose/TInf. The 
variable dose  has to be specified in the input file (see section  3.3.2).  
 
For example, if one uses after a multiple dose admi nistration, the first 
order oral absorption with one compartment model ( oral1_1cpt_kaVCl with 
option md ) from the library, the function of the model used three 
parameters ( ka , Cl  and V) and two needed variables ( N, tau ): the number of 
doses ( N) and the interval between two doses ( tau ). 
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Table 1. Models included in the library of models 

Name Input Nb.cpt Elimination Parameterisation Administration 
Needed 

Variable(s) 
bolus_1cpt_Vk IV-bolus 1 1st order V, k sd - 

     md N, tau 
     ss tau 

bolus_1cpt_VCl IV-bolus 1 1st order V, Cl sd - 
     md N, tau 
     ss tau 

infusion_1cpt_Vk IV-infusion 1 1st order V, k sd  TInf 
     md  TInf, N, tau 
     ss TInf, tau 

infusion_1cpt_VCl IV-infusion 1 1st order V, Cl sd TInf 
     md TInf, N, tau 
     ss TInf, tau 

oral1_1cpt_kaVk 1st order 1 1st order ka, V, k sd - 
     md N, tau 
     ss tau 

oral1_1cpt_kaVCl 1st order 1 1st order ka, V, Cl sd - 
     md N, tau 
     ss tau 

bolus_2cpt_Vkk12k21 IV-bolus 2 1st order V, k, k12, k21 sd - 

     md N, tau 

     ss tau 

bolus_2cpt_ClV1QV2 IV-bolus 2 1st order Cl, V1, Q, V2 sd - 
     md N, tau 
     ss tau 

infusion_2cpt_Vkk12k21 IV-infusion 2 1st order V, k, k12, k21 sd TInf 
     md TInf, N, tau 
     ss  TInf, tau 

infusion_2cpt_ClV1QV2 IV-infusion 2 1st order Cl, V1, Q, V2 sd  TInf 
     md  TInf, N, tau 
     ss  TInf, tau 

oral1_2cpt_kaVkk12k21 1st order 2 1st order ka, V, k, k12, k21 sd - 
     md N, tau 
     ss tau 

oral1_2cpt_kaClV1QV2 1st order 2 1st order ka, Cl, V1, Q, V2 sd - 
     md N, tau 
     ss tau 
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1.1.2.  User defined model 

Users can also define their own model analytically or using a system of 
differential equations. 

 For user defined models, in PFIM 3.0 the specificat ion of the variable 
dose can be anywhere in the analytical expression. The name dose should be 
used and not changed. In the computation of the Fis her Information matrix 
the dose given in each elementary design will be us ed. 
 
The following example shows an analytical expressio n of a one compartment 
first order absorption model defined by the user. T he variable dose in 
boldface has to be specified in the expression and the value of the dose in 
the input file (see section 3.3.2). 
 
 

formA<-expression( dose /v*ka/(ka-ke)*(exp(-ke*t)-exp(-ka*t))) 
 

 

 The user can give a value to the dose directly in the model, then all 
elementary design will have the same dose.    
The next example describes an analytical expression  of a one compartment 
first order absorption model defined by the user. T he dose is specify 
directly in the expression by the value 100. It is not necessary to specify 
the dose in the input file in this case.  
 

 

formA<-expression( 100 /v*ka/(ka-ke)*(exp(-ke*t)-exp(-ka*t))) 
 

 
How to write models in PFIM 3.0 is described precis ely and illustrated in 
the section 3.2. 
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1.2.  Design evaluation 

Population designs consist in a set of elementary d esigns to be performed in 
groups of subjects, each group being associated wit h a number or a proportion 
of subjects. Each elementary design is defined by a  number of sampling times 
to be drawn in each subject. 
Design evaluation is based on the computation of th e Fisher information 
matrix. During this process, the expected standard errors on the population 
parameters with the design are evaluated. 

 
1.3.  Design optimisation 

PFIM 3.0 allows to optimise exact or a statistical designs. In the case of an 
exact optimisation, the group structure of the desi gn is fixed: the number of 
elementary designs, the number of samples per eleme ntary design and the 
number of subjects per elementary design are given and the design variables 
to optimise are only the sampling times.  
In the case of statistical optimisation, the sampli ng times (number and 
allocation) and the proportions of subjects in each  elementary design are 
optimised.  
 
PFIM 3.0 optimises population design using the D-op timal criterion, ie 
maximising the determinant of the population Fisher  information matrix, or, 
similarly, minimising its inverse.   
 
The Fedorov-Wynn algorithm has been implemented in PFIM 3.0 in addition to 
the Simplex algorithm. Compared to the Simplex algo rithm, the Fedorov-Wynn 
algorithm better affords high design variables opti misation. Moreover, it 
considers only pre-specified sampling times, avoidi ng, clinically unfeasible 
sampling times. The drawback is the huge number of elementary designs to be 
created (with corresponding huge number of Fisher i nformation matrices to 
compute) when the set of allowed sampling times is very large. 

 
1.3.1.  Simplex algorithm 

The Simplex algorithm optimises statistical or exac t designs in constrained 
intervals, given a total number of samples.  
An initial population design needs to be supplied t o start the optimisation. 
The maximum number of elementary designs and the nu mber of sampling times per 
elementary design are fixed, the sampling times and  the proportions of 
subjects in each elementary design are then optimis ed. From this initial 
design, initial vertices for the simplex algorithm are derived, reducing 
successively each component by 20% (a default value  which can be changed) 
from the original component. 
PFIM 3.0 uses the Splus function fun.amoeba from Da niel Heitjan (revised 
12/94), which is a translation from the Numerical R ecipes for Nelder and Mead 
Simplex function [8] .  

 
1.3.2.  Federov-Wynn algorithm 

The Fedorov-Wynn algorithm is specifically dedicate d to design optimisation 
problems and has the property to converge toward th e D-optimal design [9-11] . 
It optimises statistical designs for a given total number of samples. The 
sampling times are chosen among a given finite set of times. Minimum and 
maximum number of samples per subject are specified .  
To start the algorithm, an initial population desig n is then required. 
The Fedorov-Wynn algorithm is programmed in a C cod e and is linked to PFIM 
3.0 through a dynamic library, called libfed.dll. M oreover, PFIM 3.0 uses the 
function combn in the R package “combinat”.  
 

 A bug in the previous version of the Fedorov-Wynn a lgorithm has been 
corrected. The bug concerns the computation of the number of subjects in the 
optimised design using the Fedorov-Wynn algorithm. 
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The only results affected are population designs co mbining elementary designs 
with unequal number of sampling times.  

eg : 

-if the final design is for instance ((1,2,3),(1,3, 5)) with frequencies 
(alpha1, alpha2) it is unaffected by the bug . 

-if the final design is for instance ((1,2,3),(1,3) ) with frequencies 
(alpha1, alpha2), it is affected by the bug, and th e frequencies will not be 
correct. In this case the correct frequencies shoul d be respectively 
(alpha1/3)/(sum) and (alpha2/2)/sum where sum=(alph a1/3)+(alpha2/2) to 
normalise the sum of the frequencies to 1 ("frequen cies" refer to the 
frequencies reported by the bugged version of the a lgorithm). 

Because of this bug, the final criterion and estima tes of SE for the 
parameters in the model, being computed with the wr ong frequencies, is also 
incorrect, but differences should be small and unli kely to be clinically 
significant.  

 

The new version of the Fedorov-Wynn outputs the cor rect frequencies. 
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2.  Installation 
 

2.1.  Pre-requirement 
The software R is required. For an optimal use of P FIM 3.0, additional 
packages might be needed in the R library directory : 

- for differential equation system to describe the model: “odesolve” 
and “nlme” packages 

- for the Federov-Wynn algorithm: “combinat” packag e 
 
The easiest way to install packages is directly fro m the web. To install the 
packages odesolve, nlme and combinat start R and ch oose the Packages item 
from the menu. Choose Install package(s) from CRAN to install from the web 
(you will see a list of all available packages pop up -- choose odesolve, 
nlme and combinat). 
To install PFIM 3.0, the user has to download the p ackage named PFIM 3.0 
available on the webpage www.pfim.biostat.fr .  
 
 
 

2.2.  Components 
The PFIM 3.0 package includes two main folders call ed:  

− PFIM 3.0  
− Examples 
 

The folder PFIM 3.0 is composed of 3 principal file s and one folder:  
-  The 3 principal files are: 

o The main function (program) file ( PFIM3.0.r ) 
o The input file ( Stdin.r ) 
o The model file ( model.r ). 
 

− The folder is called Program  and contains 10 files of functions: 
o Pfim3.0op1.simu.r : To compute the Fisher Information matrix 
to evaluate a population design using an analytical  form to 
describe the model. 
o PfimOPT3.0op1.simu.r : To compute the Fisher Information 
matrix to optimise a population design using an ana lytical form 
to describe the model 
o EQPfim3.0op1.simu.r : To compute the Fisher Information matrix 
to evaluate a population design using a differentia l equation 
system to describe the model 
o EQPfimOPT3.0op1.simu.r:  To compute the Fisher Information 
matrix to optimise a population design using a diff erential 
equation system to describe the model 
o algosimplex.simu.r: To use the Simplex algorithm  
o initfedoR.c and classfed.h: To compile the dll 
o libFED.dll: The dynamic library of the Federov-Wynn algorithm  
o algofedorov.simu.r: To use the dynamic library libFED.dll 
o libraryModels.r: To use the library of models  
 

  The files in the folder Program should not be chang ed. 
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The folder called Examples contains the examples fi les. The documentation 
which gives their description is included in the pa ckage PFIM3.0 with this 
documentation. 
 
To install PFIM 3.0, create a directory (for exampl e directory “U:\\My 

Documents\\PFIM 3.0”) and download the package PFIM  3.0 .  
 
 
3.  Use 
 

3.1.  Working directory 
 

-  Create a working directory, for example: 
 

“U:\\My Documents\\PFIM 3.0_examples \\Example1” 
 

-  Copy the files PFIM3.0.r, Stdin.r and model.r in th is directory 
 
-  In the file “PFIM3.0.r”, specify your working direc tory: 
 

directory<- “U:\\My Documents\\PFIM 3.0_examples \\Example1” 
 

-  Then, specify your program directory i.e. where is the folder called 
Program  
 

directory.program<- “U:\\My Documents\\PFIM 3.0\\Program”  
 
-  Save the file PFIM3.0.r 
 

 
3.2.  Model writing 

 
3.2.1.  Analytical form 

Write the structural model in the file called “mode l.r” by default. This 
model can be given either with an analytical form o r as a differential 
equations system. 
The time is denoted by t. In case of analytical for m, the model for each 
response should be written assigned in an object ca lled ‘form i ’ where i  is 
the letter of the alphabet A,B,C,…. The “form i ” for all the responses are 
then grouped in a vector called “form”: 
 

form<-c(formA,formB,formC,…) 
 
 
If the model for a form is defined over intervals b y different expressions, 
write these expressions in the object ‘form I ’, which in this case is a vector 
of expressions. For example, if you want to give th ree expressions for the 
first response: 
 
 

formA<-c(form1,form2,form3) 
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3.2.2.  Differential equation system 
For a differential equations system, user must supp ly a function called 
“formED”: 
 

 
formED<-function(t,y,p) 
{ 

   ka<-p[1] 
   km<-p[2] 
   Vm<-p[3] 
   V<-p[4] 
  
   yd1<--ka*y[1] 
   yd2<-+ka*y[1]- V * (Vm * y[2]/(V * km + y[2])) 
 
   list(c(yd1,yd2),c(y[[2]]/V)) 

} 
 
 

In the block 1  specifies function formED with the default argumen ts of the 
function: 

-  't' is the current time point in the integration 
-  'y' is the current estimate of the variables in the  ode system 
-  'p' is the vector of parameters  

 
In Block 2 , the user has to be defined the name of the parame ters to be 
estimated. They are attributed to each component of  the vector of parameters 
“p”. 
 
Block 3  stands for the definition of the differential equa tion system, with 
here, two exchange components and two lines.  
Block 4 , the last line returns a list of two objects: the first object is the 
vector of the derivatives of the system; the second  object indicates the 
measures of interest (in this case only one measure  is considered the 
concentration in the second compartment scaled by t he volume).  
The initial values of the system have to be specifi ed in the input file 
presented in the section 3.3. Here, the previous fi gure describes a one 
compartment model first order absorption and Mickae lis-Menten elimination. 
 
This extension to differential equations system req uires the use of the lsoda 
function included in the library “odesolve” (versio n 0.5 -12 by R. Woodrow 
Setzer, 25 October 2004) and of the fdHess function  included in the library 
“nlme” developed by Jose Pinheiro and Douglas Bates . 
The lsoda function uses a function of the same name  written in Fortran by 
Linda R. Petzold and Alan C. Hindmarsh. This functi on solves system of 
differential equations using the Adams method, a pr edictor – corrector method 
for non-stiff systems; it uses the BDF (Backward Di fferentiation Formula) for 
stiff systems. 
The fdHess is used for numerical derivation. It eva luates an approximate 
gradient of a scalar function using finite differen ces. 
 
 
Several examples are presented below with the diffe rent way of writing 
models. 
 
 
 
 

Block 3  

Block 2  

Block 1  

Block 4  
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3.2.3.  Examples 
 

3.2.3.1.  Example 1: Single response 
 

Analytical form  
formA <-expression((dose/v * ka)/(ka - ke) * (exp( - ke *  t) - exp( - ka * 
t))) 

 
form<-c(formA) 
 
 

Analytical form with the library of models 
In this illustration, the user creates a one respon se model using the model function 
implemented in the library ( Oral1_1cpt_kaVCl )  describing a one compartment oral 
absorption after a multiple dose administration ( md). N and tau are the needed 
variables and thus, they have to be specified by th e user in the function model. Here, 
we have five oral administration doses with an inte rval between two doses equal to 
twelve hours. 

source(paste(directory.program,dirsep,"libraryModel s.r",sep="")) 
 
formA<-Oral1_1cpt_kaVCl_md(N=5,tau=12)[[1]] 
form<-c(formA) 
 
 

Differential equations system 
In this illustration, the user creates a one respon se model using a differential 
equation system describing a one compartment first order absorption model. It is 
parameterized in ka (constant of absorption), ke (c onstant of elimination) and v 
(volume of distribution). The measure of interest i s the concentration in the first 
compartment scaled by v. 

formED<-function(t,y,p) 
{ 
 ka<-p[1] 
 ke<-p[2] 

v <-p[3] 
 
 yd1<-ka*y[2]-ke*y[1] 
 yd2<--ka*y[2] 
 
 
 list(c(yd1,yd2),c(y[1]/v)) 
} 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Block 2 

Block 3 

Block 4 
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3.2.3.2.  Example 2: Two responses 
 

Analytical form 
In this illustration, the user creates a two respon se model using an analytical form 
to describe the model. The first response is descri bed by a one compartment model with 
first order absorption. A second compartment is add ed with a first order rate 
constant, corresponding to the second response. 

 
form1 <-expression(( dose *Ka/(V*(Ka-(Cl/V+R)))* 

((exp(-(Cl/V+R)*t)/(1-exp(-(Cl/V+R)*12)))-(exp(-Ka* t)/(1-exp(-Ka*12)))) 
)) 
 
formA<-c(form1) 
 

form1 <-expression(( dose *Ka/(1/R)*((exp(-(Cl/V+R)*t)/((Ka-
(Cl/V+R))*((Clm/R)/(1/R)-(Cl/V+R))*(1-exp((Cl/V+R)* 12))))+exp(-
Ka*t)/(((Cl/V+R)-Ka)*((Clm/R)/(1/R)-Ka)*(1-exp(-Ka* 12)))+exp(-
((Clm/R)/(1/R))*t)/((Ka-(Clm/R)/(1/R))*((Cl/V+R)-(C lm/R)/(1/R))*(1-exp(-
(Clm/R)/(1/R) *12)))))) 
 
formB<-c(form1) 
 
form<-c(formA,formB) 
 
 

Differential equations system 
In this illustration, the user creates a two respon se model using a differential 
equation system. The first measure of interest is t he concentration in the compartment 
2 scaled by the volume and the second measure of in terest is the concentration in the 
compartment 3. 

 
formED<-function(t,y,p) 
{ 
ka<-p[1] 
cl<-p[2] 
V<-p[3] 
clm<-p[4] 
R<-p[5] 
 
yd1<--ka*y[1] 
yd2<-ka*y[1]-cl/V*y[2]-R*y[2]        
yd3<-R*y[2]-clm*y[3] 
                   
list(c(yd1,yd2,yd3),c(y[2]/V,y[3])) 
 
} 

 
3.2.3.3.  Example 3: Two responses using a PK model from the library     

 
Analytical form with the library of models 

In this illustration, the user creates a two respon se model using the model function 
implemented in the library ( Oral1_1cpt_kaVCl )  describing a one compartment model oral 
absorption after a single dose administration ( sd) for the first response. No variable 
is needed. An Imax model with constant baseline cha racterises the second response. 

source(paste(directory.program,dirsep,"libraryModel s.r",sep="")) 
 
formA<-Oral1_1cpt_kaVCl()[[1]] 
formB<-paste("-Imax*",formA,"/(C50+",formA,")+S0") 

First response 

Second response 

Block 2 

Block 3 

Block 4 
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formB<-parse(text=formB) 
form<-c(formA,formB) 

 
 
3.3.  Population Information input 

Conversely to the previous version of PFIM, there i s not one function for 
evaluation and another one for optimisation of the population 
pharmacokinetics design. Only, one input file has t o be filled called by 
default: stdin.r. 
To specify evaluation or optimisation designs you h ave to complete the “run” 
object:  

 
- run : character string for function selection: 

-“ EVAL” for evaluation  
-“ OPT” for optimisation  

 
According to the choice, specific objects notified below must be specified.  
 
 

3.3.1.  General objects required for Evaluation and Optimis ation 
This section shows what are the common objects requ ired for both evaluation 
and optimisation of a population design. In the fil e stdin.r, the following R 
objects must be created:  
  
  
- project : character string indicating the name of the proje ct 
 
- file.model : character string indicating where to find the str uctural 

model 
 
- output : character string indicating in which file the res ults 

should be printed 
 
- nr :             value indicating the number of respon ses in the model 
 
- parameters : vector of p character strings for the names of th e fixed 

effects parameters 
 
-  beta :  vector of the p fixed effects parameters values 

 
- omega: vector of the p variances of the random effects s hould be 

given 
 
- sig.inter i and sig.slope i : values of the parameters for the residual 

variance error model given by var( εi )=(
ierintσ �

islopeσ *f i )
2 

for each response i, with i = A,B,C,… . 
 
 

- Trand:  type of between-subject variance (or random effect s) model: 
- 1 for additive between-subject variance model 
- 2 for exponential model 

 
- prot i:  list of vectors of elementary designs for each res ponse i 

with i = A,B,C,…. Each vector contains the sampling  times 
of the corresponding elementary design for the resp ective 
response. The size of the vector for each response has to 
be the same. 

 For example, if there are two responses, the user must 
specify:  

                            prot A<-… 
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                            prot B<-… 
 
 If there are several responses with several elemen tary 

designs, the user can specify by NULL if a group do  not 
have samples for one response. Example:  

                            prot A<-list(c(1,3,6,12),c(18,20,24)) 
                            prot B<- list(c(1,3,6,12),c(NULL)) 

                    In the present version, the Federov-Wynn does not work 
when there is a NULL design for one response.  

 
 
- subjects  : vector of the q numbers of subjects for each ele mentary 

design. Only for optimisation , this object is a vector of 
the q initial proportions or of the numbers of subj ects in 
each elementary design. 

 
 

Additional R objects are required to be created for  analytical model 
specification or differential equations system and graphical options. 

 
 

3.3.1.1.  Model option 
 

 
- modelform : character string indicating either a model given under 

differential equation systems (“ DE”) or analytical form 
(“ AF”) 

 
 
 

  For analytical model specification only 
 

- dose.identical  :   logical value : ‘T’ if the dose is the same fo r all  
elementary designs, ‘N’ if not. 

 
- dose : value of the dose if dose.identical==T; if not, v ector  
                     of the q doses for each elemen tary design. 
 If one uses infusion models implemented in the lib rary 

of models, the dose has to be specified here. The r ate 
of infusion is computed in the function model by th e 
expression: dose/TInf. 

 
- bound i:  vector of bounds specific to each response i  with 

i=A,B,C,…. If the model is defined over intervals b y 
different expressions, give in that vector, the val ues 
of each time interval for the response i . The first 
expression will be use for the first time interval,  
the second expression for the second time interval … 
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For differential equations system specification only 

 
-  time.condinit :   initial time at which initial conditions are gi ven. 

  
 

-  condinit.identical :  logical value: ‘T’ if the initial conditions are    
the same whatever the elementary design, ‘F’if not.   
 

-  condinit : initial values of the system at the initial time,  
given into an expression. If condinit.identical==T,  
enter once the expression of the initial values of 
the system at the initial time; else, enter the 
vectors of the initial conditions for each elementa ry 
design. If initial values depend on parameters to b e 
estimated, enter this parameter into the expression  
without any quotation marks  
 

-  RtolEQ : relative error tolerance, either a scalar or an a rray 
as long as ‘y’. See details in help for lsoda 
function. Default value is 1e-06. 

 
-  AtolEQ :  absolute error tolerance, either a scalar or an array 

as long as 'y'. See details in help for lsoda 
function. Default value is 1e-.06 

 
 
-  Hmax: an optional value for the maximum integration 

stepsize. Default value is Inf. 
 
 
 

From help for lsoda : “The input parameters 'RtolEQ', and 'AtolEQ' dete rmine 
the error control performed by the solver.  The sol ver will control the 
vector *e* of estimated local errors in *y*, accord ing to an inequality of 
the form max-norm of ( *e*/*ewt* ) <= 1, where *ewt * is a vector of positive 
error  
weights.  The values of 'RtolEQ' and 'AtolEQ' shoul d all be non-negative. The 
form of *ewt* is: 

 
*RtolEQ* * abs(*y*) + *AtolEQ* 
 

where multiplication of two vectors is element-by-e lement. 
 

If the request for precision exceeds the capabiliti es of the machine, the 
Fortran subroutine lsoda will return an error code;  under some circumstances, 
the R function 'lsoda' will attempt a reasonable re duction of precision in 
order to get an answer. It will write a warning if it does so.” 

 
 

3.3.1.2.  Graph option 
 

This list of objects allows to draw a graph with th e evaluated design 
(evaluation step) or the optimised design (optimisa tion step). 
If the user wants a graph, he has to specify it in the following object. 
 
- graph.logical : logical value; if T, draws the graph of the predi cted 

output(s) and the sampling times. 



 18 

 
If the user has filled in by T the previous object,  he has to specify the 
following objects. 

 
 
- names.data:   vector of character string for the names of Y axi s for each 

graph that correspond of each type of measurement ( length of 
this vector must equal to the number of responses).   

 
- log.logical : character string for controls logarithmic axes fo r the 

graphical representation. Values “xy”, “x” or “y” p roduce 
log-log or log-x or log-y axes. Standard graphic is  given by 
log.logical<-F 

 
- graph.inf i and graph.sup i: vector of lower and upper sampling times for the 

graph for each response i  with i=A,B,C, …. For example for a 
single response model, representation in the interv al [0-60] 
is specified by graph.infA<-c(0)  and graph.supA<-c(60). If 
any lower and upper sampling times for the graph ar e 
specified, by default for each response the lower s ampling 
time is 0 and the upper sampling time is the maximu m 
sampling time of the initial design.  

 
- y.range : vector of lower and upper values for the graphica l 

representation. They are identical of each response . By 
default, the value is NULL. For example, representa tion in 1 
interval [0-10] is specified by y.range=c(0,10).  

  
 
3.3.2.  Objects required only for Optimisation 

 
3.3.2.1.  Population design 

 
- subjects : only for optimisation , this object is a vector of the q 

initial proportions (if subjects.input=2) or of the  numbers 
of subjects in each elementary design (if subjects. input=1). 

 
- subjects.input : 1 if the subjects per elementary designs are given a s 

numbers, 2 if they are given as proportions 
 
- Ntot:   total number of samples. Ntot is required if the s ubjects 

per elementary design are given as proportions, i.e ., only 
if subjects.input=2 

 
 

3.3.2.2.  Algorithm option 
 

The user with PFIM 3.0 can optimise design with ide ntical time in each 
elementary design for each response. To trigger thi s option, the user needs 
to specify it in the next objects: 

 
-  identical.times : T  if identical sampling times for each response with in 

an elementary design else F    
 

The choice of the algorithm is specify in the follo wing object.  
 
- algo.option :   character string for algorithm selection. “ SIMP” for Simplex 

algorithm selection; “ FW” for Fedorov-Wynn algorithm 
selection 
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For each algorithm, the user need to specify partic ular objects described 
below.  
 
 
For Simplex algorithm specification only 
 
- subjects.opt : logical value: ‘T’ is the optimisation of the pro portions or 

the number of subjects is required; ‘F’ if not. 
 
- lower i and upper i: vector of lower and upper admissible sampling tim es for 

each response i with i = A,B,C, ….  For example if there is 
a single response model, representation in 2 interv als [0-
12], and [48-60] is specified by upperA<-c(0,48) an d 
lowerA<-c(12,60) 

 
- delta.time :  numeric value for the minimum delay between two successive 

sampling times 
 
- iter.print :  logical value to print the iterations (T) or not  (F) 
 
- simplex.parameter :  percent of change from initial design for the in itial 

vertices of the simplex algorithm building (default  20%). 
 
- Max.iter :  a positive integer specifying the maximum number  of 

iterations allowed (default = 5000) 
 
- Rctol :  a positive numeric value specifying the toleranc e level for 

the relative convergence criterion of the Simplex a lgorithm 
(default = 1e-6) 

 
 
For Fedorov-Wynn algorithm only 
 
- nwind i: numeric value for the number of sampling interval s for each 

response i with i=A,B,C, ….   
  
- sampwin i: list of vector of the allowed sampling times for each 

sampling interval for each response i with i = A,B, C, ….   
 
- nsampi: list of vector of allowed numbers of points to be  taken from 

each sampling interval for each response i with i =  A,B,C, 
….   

 
- nmaxpts i: numeric value for the maximum number of sampling times per 

subject for each response i with i = A,B,C, ….   
 
- nminpts i: numeric value for the minimum number of sampling times per 

subject for each response i with i = A,B,C, ….   
 

  For Fedorov-Wynn algorithm use, the initial populat ion design specified in 
prot must involve elementary designs with number of  samples per subject and 
sampling times in accordance with sampwin , nsamp, nmaxpts  and nminpts  for 
each response.  
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4.  Run 
 
Once the input file and the model file are filled i n, the user can run PFIM 
3.0. Load the main function PFIM() implemented in t he file PFIM3.0.r. To do 
that, choose the File item from the menu. Select “S ource R code”; click on 
the right directories up to the file PFIM3.0.r. The  user can also load the 
file by typing the command in the Command Window:   
  
source("U:\\My Documents\\PFIM 3.0_examples \\Example1\\ PFIM3.0.r")  
   
Call the R function in the Commands window: PFIM()  
 
5.  Results 
 
The results are written in the output file called s tdout.r by default or with 
the name specified in the input file. This file is different when only 
evaluation is performed or when optimisation is per formed. It is therefore 
detailed in next sections respectively for evaluati on and for optimisation.  
 
 

5.1.  Evaluation output file and objects 
 
Figure 1 represents the output file from the design  evaluation described in 
the Example documentation in the section 1.2.1.  
 
The user can read on the Figure 1: 
 

The name of the function used: PFIM 3.0. 
 
The name of the project and the date. 

 
A summary of the input: model(s), sampling times in  the elementary 

designs for each model(s), doses or initial conditi ons and subjects 
corresponding to those designs, residual variance e rror model for each 
model(s), residual between-subject variance model, initial population design, 
errors tolerances for the solver of differential eq uations system if used. 
The figure shows a two responses model(analytical f orm) with a group 
described by four sampling times for each response for 50 subjetcs. The dose 
is equal to 300. 
 
     The population Fisher information matrix, a di m*dim symmetric matrix 
where dim is the total number of population paramet ers to be estimated. 
 

The value of each population parameter with the exp ected standard error 
on each parameter and the corresponding coefficient  of variation.  

 
The value of the determinant of the Fisher informat ion matrix and the 

value of the criterion (determinant^(1/dim)) where dim is the total number of 
population parameters.  

4

1

2

3

5

6 
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Figure 1. Example of design evaluation output file 

  
 
Moreover, the PFIM() function returns the following  R objects:  

- dose 
- prot : design evaluated for each response 
- subjects : number of subjects for each group 
- mfisher : the population Fisher information matrix  
- determinant : the determinant of the population Fisher informat ion 

matrix 
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- crit : the value of the criterion 
- p: the vector  
- se : the vector of the expected standard errors for ea ch parameter 
- cv : the corresponding coefficient of variation, expre ssed in persent. 

 
 

5.2.  Optimisation output file and objects 
 
Figure 2 represents the output file from the design  optimisation described in 
the Example documentation in the section 1.2.2. Thi s example uses the Federov-
Wynn algorithm.  
 
The user can read on the Figure 2: 
 

The name of the function used: PFIM 3.0  
 
The name of the project and the date. 

 
A summary of the input: model, variance error model , residual between-

subject variance model, initial population design, initial numbers or 
proportions of subjects and doses. 

 
Total number of allowed samples, criterion associat ed to the initial 

population design. 
 
Sampling times specifications (according to the alg orithm used) and 

error tolerances for the solver of differential equ ations system if used.  
 
The optimised design.  
For the simplex algorithm, the number of iterations  performed and the 

number of function evaluations are reported, so as the status of the 
convergence (false or achieved).  

For the Federov-Wynn algorithm, the list of the all owed sampling times, 
the number of sampling points, the maximum and the minimum total number of 
points, the number of elementary designs evaluated for each response. 

The value of the criterion associated with the opti mised design is 
reported. 

In this example, the design optimised is described by 3 groups with the 
same sampling time for each response. At each group  corresponds a proportion 
of subjects optimised by the Federov-Wynn and the e quivalence in number. 

 
The population Fisher information matrix, a dim*dim  symmetric matrix 

where dim is the total number of population paramet ers to be estimated. 
 

The value of each population parameter with the exp ected standard error 
on each parameter and the corresponding coefficient  of variation. 

 
The value of the determinant of the Fisher informat ion matrix and the 

value of the criterion (determinant^(1/dim)) where dim denotes the number of 
population parameters. 
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Figure 2. Example of design optimisation output fil e 

 
Moreover, the PFIM() function returns the following  R objects:  

- prot.opti :  the optimised design 
- subjects.opti : the optimised proportion of subjects 
- mfisher :  the population Fisher information matrix  
- determinant :  the determinant of the population Fisher informa tion  

matrix 
- crit : the value of the criterion 
- p: the vector of the parameters 
- se : the vector of the expected standard errors for ea ch parameter 
- cv : the corresponding coefficient of variation, i.e. the se in 

percent. 
 
 
6.  Comments 
 
o If the between-subject variance of a parameter is a ssumed to be zero, enter 

0 for this variance in omega: PFIM will remove the corresponding row and 
column in the Fisher information matrix. 

 
o If a population design leads to very poor informati on with a singular 

population Fisher information matrix (det=0), the e xpected standard errors 
and the coefficients of variation are returned as N A. 

 
o For an infusion model, it is not possible for desig n evaluation to include 

the time at the end of the infusion when the end of  infusion parameter as a 
parameter to be estimated.  

 
o The number of subjects for each elementary design i s the same for all the 

response(s).  
 
o If the bound are not correctly specified according to the number of 

responses in case of analytical form, by default bo unds are initialized to 
c(0, Inf) but that does not appear on the stdin.r f ile. In case of 
differential equation system, the bound is not used . 

 
 

6 

   
7  
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o In opposition to the last version, the user must pu t the variable “dose” in 
the analytical expression of the model and specify it in the input file if 
the user wants to define his model.  

 
o An optimisation with an initial design composed of several groups with 

different doses (analytical form model) or initial conditions (ODE system 
model) is available with the Federov-Wynn alfgorith m (See example 2 in the 
optimisation part).  

 
 
 
 
 
 
 
 
 


