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simecol-package General Information about the ‘simecol’ Package

Description

The simecol package is intended to give users (scientists and students) an interactive environment
to implement, distribute, simulate and document ecological and other dynamic models without the
need to write long simulation programs. For this purpose, an object oriented approach using the S4
class system is proposed, which should provide a consistent but still flexible and extensible way to
implement simulation models of different types, namely:

ordinary differential equation (ODE) models (class odeModel),
grid-oriented individual-based models (class gridModel), and
particle diffusion-type models (class rwalkModel),
individual-based models (class indbasedModel),

other model types by deriving a user specified subclass from simObj.

Each simulation model is implemented as S4 object (superclass simObj) with the following slots:
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* main = function(time, init, parms, ...): afunction holding the main equations of the
model,

* equations: an optional non-nested list holding arbitrary sub-equations (sub-models) of the
model. Sub-equations can be interdependent and can be called directly from within main or
initfunc.

* parms: a list (or vector for some classes) with constant model parameters,

* times: vector of time steps or vector with three named values from, to, by specifying the
simulation time steps. The from-to-by form can be edited with fixParms.

e init: initial state (start values) of the simulation. This is typically a named vector (state
variables in odeModels) or matrix (e.g. initial grid of gridModels).

* inputs: time dependend or spatially resolved external inputs can be specified as data frame
or matrix (more efficient). It is up to the user to evaluate the corresponding values within the
main function. Performance optimized versions of approx (see approxTime) are available.

* solver: afunction or a character string specifying the numerical algorithm used, e.g. "1soda”,
"rk4" or "euler” from package deSolve). In addition, solvers from package "ddesolve”
can also be used. In contrast to "euler” that can be used for difference equations (i.e. main
returns derivatives), "iterator” is intended for models where main returns the new state (i.e
for individual-based models). It is also possible to reference own algorithms (solvers) that are
defined in the user workspace or to assign solver functions directly.

* observer: optional slot which determines the data stored during the simulation. A user-
provided observer function can also be used to write logging information to the screen or to
the hard-disk, to perform run-time visualisation, or statistical analysis during the simulation.
Note that the observer-mechanism works only with iteration solvers. It is generally not
available for odeModels.

e out: this slot holds the simulation results after a simulation run as data frame (if the return
value of main is a vector) or as list (otherwise). The type of data stored in out can be manip-
ulated by providing a user-definded observer function.

e initfunc: this slot can hold an optional function which is called automatically when a new
object is created by new or when it is re-initialized by initialize or sim.

simObj model objects should be defined and created using the common S4 mechanisms (new).

In this way, a simObj object may contain all data, which are needed to run simulations simply by
entering the model object via source() or data() and then to run and plot the model for example
via plot(sim(obj)).

Accessor functions (with names identical to the slot names) are provided to get or set model pa-
rameters, time steps, initial values, inputs, the solver, the main and sub-equations or initfunc or to
extract the model outputs. It is also possible to modify the components of the simecol objects di-
rectly, e.g. the model equations of a model 1v with 1v@main, but this is not recommended as there
is no guarantee that this will work in a compatible way in future versions.

Models of different type are provided as data and some more in source code (see directory exam-
ples).

The examples are intended as a starting point to write your own simObj objects and to distribute
them to whomever you wish.

The package is supplemented with several utility functions (e.g. seedfill or neighbours), which
can be used independently from simObj objects.
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Author(s)

Thomas Petzoldt <thomas.petzoldt@tu-dresden.de>

References

Petzoldt, T and K. Rinke (2007) simecol: An Object-Oriented Framework for Ecological Modeling
in R. Journal of Statistical Software, 22(9). URL http://www. jstatsoft.org/v22/109/.

See Also

CA, chemostat, conway, diffusion, lv, 1v3, upca.

Examples

## (1) Quick Start Examples

data(lv) # load basic Lotka-Volterra model

## Not run:
fixParms(1lv)

## End(Not run)
parms(1lv)

main(lv)

lv <- sim(1lv)
plot(lv)

results <- out(lv)

## Not run:

data(conway) # Conway’s game of life
init(conway) <- matrix(0, 10, 10)
times(conway) <- 1:100

fixInit(conway) # enter some "1"
sim(conway, animate=TRUE, delay=100)

## End(Not run)

## (2) Define and run your own simecol model

lv <- new("odeModel”,
main = function (time, init, parms) {
with(as.list(c(init, parms)), {
dnl <= k1 * N1 - k2 * N1 * N2
dn2 <- - k3 * N2 + k2 * N1 x N2
list(c(dn1l, dn2))

»
h
parms = c(kl = 0.2, k2 =0.2, k3 =0.2),
times = c(from = 0, to = 100, by = 0.5),
init = ¢(N1 = 0.5, N2 = 1),
solver = "lsoda”


http://www.jstatsoft.org/v22/i09/
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1v <- sim(1lv)
plot(lv)

## (3) The same in matrix notation; this allows generalization ====
#it to multi-species interaction models with > 2 species. ====

LVPP <- new("odeModel"”,
main = function(t, n, parms) {
with(parms, {
dn <-r *n +n* (A %% n)
list(c(dn))
»
1
parms = list(
# growth/death rates
r =c(kl =0.2, k3 =-0.2),
# interaction matrix
A = matrix(c(0.0, -0.2,
0.2, 0.0),
nrow = 2, ncol = 2, byrow=TRUE)

))
times = c(from = 0, to = 100, by = 0.5),
init = c(N1 = 0.5, N2 = 1),
solver = "lsoda”
)
plot(sim(LVPP))

## (4) Additional resources

## Not run:
## open the directory with source code of demo
browseURL (paste(system.file(package="simecol"”), "/demo”, sep=""))

## run demo
demo(jss)

## open the directory with R sourcecode examples
browseURL (paste(system.file(package="simecol"”), "/doc/examples”, sep=""))

## show package vignette with introductory article
vignette(”"simecol-introduction”)
edit(vignette(”simecol-introduction”))

## open the installation directory of simecol
##  (NEWS, THANKS, FAQ, ToDo, WISHLIST, ...)
browseURL (paste(system.file(package="simecol”), "/", sep=""))

## Open Project Homepage
browseURL("http://www.simecol.de")
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## End(Not run)

## How to cite package simecol in publications
citation("simecol”)

addtoenv Add Functions from a Non-nested List of Named Functions to a Com-
mon Environment

Description

Create and set an environment where functions within a non-nested named list of functions see each
other. This function is normally used within other functions.

Usage

addtoenv(L, p = parent.frame())

Arguments
L a non-nested list of named functions.
p the environment where the functions are assigned to. Defaults to the parent
frame.
Details

This function is used by the ‘solver functions’ of simecol.

Value

The list of equations within a common environment.

Note

This is a very special function that uses environment manipulations. Its purpose is to ‘open’ the
access to interdependend functions within a common list structure (function list).

See Also

attach, environment
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Examples

eq <- list(f1 = function(x, y) X +y,
f2 = function(a, x, y) a x f1(x, y)
)

fx <= function(eq) {
eq <- addtoenv(eq)
print(1s())
print(environment(eq$f1))
f1(3,4) + f2(1,2,3)

3
fx(eq)
## eq$f2(2,3,4) # should give an error outside fx
environment(eq$f2) # should return R_GlobalEnv again
approxTime Linear Interpolation with Complete Matrices or Data Frames
Description

Return a data frame, matrix or vector which linearly interpolates data from a given matrix or data
frame.
Usage

approxTime(x, xout, ...)
approxTimel(x, xout, rule = 1)

Arguments
X a matrix or data frame with numerical values giving coordinates of points to be
interpolated. The first column is interpreted as independend variable (e.g. time),
the remaining columns as dependend variables.
xout a vector (or single value for approxTime1) of independend values specifying
where interpolation has to be done.
rule an integer describing how interpolation is to take place outside the interval
[min(x), max(x)]. If rule is 1 then NAs are returned for such points and if it
is 2, the value at the closest data extreme is used.
optional parameters passed to approx.
Details

The functions can be used for linear interpolation with a complete matrix or data frame. This can
be used for example in the main function of an odeModel to get input values at a specified time
xout. The version approxTime1 is less flexible (only one single value for xout and only linear
interpolation) but has increased performance. Both functions are faster if x is a matrix instead of a
data frame.
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Value

approxTime returns a matrix resp. data frame of the same structure as x containing data which
interpolate the given data with respect to xout. approxTimel is a performance optimized special
version with less options than the original approx function. It returns an interpolated vector.

See Also

approxfun

Examples

inputs <- data.frame(time = 1:10, y1 = rnorm(10), y2 = rnorm(10, mean = 50))
input <- approxTime(inputs, c(2.5, 3), rule = 2)

as.simObj Coerce simObj Objects to Lists and Vice-Versa

Description

These functions can be used to coerce (i.e. convert) simecol model objects (simObj objects) to
ordinary lists.

Usage
## S4 method for signature ’list’
as.simObj(x, ...)
## S4 method for signature ’simObj’
as.list(x, ...)

## alternative usage:
# as(x, "list")
# as(x, "simObj")

Arguments
X object to be coerced
for compatibility
Details

Function as.list converts a simObj model to an ordinary list with an additional element ’class’
storing the class name of the original object.

Function as.simObj converts in the opposite direction where the type of the object to be created
is determined by a class name stored in the list element ’class’. If it is missing or contains a non-
existing class name, an error message is printed. Additional list elements which are not slot names
of the corresponding S4 object are omitted.
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See Also

odeModel, new, as, as.list, simecol-package

Examples

data(lv3)
11v3 <- as(1lv3, "list")
olv3 <- as(1lv3, "simObj")

11v3 <- as.list(1lv3)
olv3 <- as.simObj(11v3)

dput(as.list(lv3), control="useSource")

## Not run:

## save human readable object representation
dput(as.list(lv3), file="1v3.R", control=c("all"))
## read it back and test it

1_1v3 <- dget("1lv3.R")

o_lv3 <- as.simObj(1_1v3)

plot(sim(o_1v3))

## End(Not run)

CA Stochastic Cellular Automaton

Description

simecol example: This model simulates a stochastic cellular automaton.

Usage

data(conway)

Format

An S4 object according to the gridModel specification. The object contains the following slots:

main functions with the state transition rules of Coway’s Game of Life.
parms a list with two vector elements:

pbirth probability of birth,
pdeath death probability, dependend on neighbors.

times number of time steps to be simulated.

init a matrix, giving the initial state of the cellular grid (default: rectangle in the middle of the
grid).
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Details

To see all details, please have a look into the implementation below.

See Also

sim, parms, init, times

Examples

## Basic Usage:
##  work with the example

data(CA)
times(CA)["to"] <- 10
plot(sim(CA))

set.seed(345)
times(CA)["to"] <- 50
CA <- sim(CA)

library(lattice)
tcol <- (terrain.colors(13))[-13]
x <- out(CA, last=TRUE)
x <- ifelse(x == 0, NA, x)
levelplot(x,

cuts = 11,

col.regions = tcol,

colorkey = list(at = seq(0, 55, 5))
)

## Implementation:
##  The code of the CA model
CA <- new("gridModel”,
main = function(time, init, parms) {
z <- init
nb <- eightneighbors(z)
pgen <- 1 - (1 - parms$pbirth)*nb
zgen <- ifelse(z == 0 &
runif(z) < pgen, 1, 0)
zsurv <- ifelse(z >= 1 &
runif(z) < (1 - parms$pdeath),
z+ 1, 0)
zgen + zsurv

H+

1

parms = list(pbirth = 0.02, pdeath = 0.01),
times = c(from = 1, to = 50, by = 1),

init = matrix(0, nrow = 40, ncol = 40),
solver = "iteration”
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init(CA)[18:22,18:22] <~ 1

HH#:
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chemostat Chemostat Model

Description

simecol example: Model of continuos culture of microorganisms (chemostat).

Usage

data(chemostat)

Format

An S4 object according to the odeModel specification. The object contains the following slots:

main the differential equations for substrate (S) and cells (X).
parms a vector with the named parameters of the model:

vm maximum growth rate of the cells,

km half saturation constant,

Y yield coefficient (conversion factor of substrate into cells).
D dilution rate,

SO substrate concentration in the inflow.

times simulation time and integration interval.

init vector with start values for substrate (S) and cells (X).

To see all details, please have a look into the implementation below.

See Also

simecol-package, sim, parms, init, times.

Examples

HH#:

## Basic Usage:
##  work with the example

HH#:

data(chemostat)
plot(sim(chemostat))

parms(chemostat)["D"] <- 0.9
plot(sim(chemostat))
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HH#:

## Implementation:
##  The code of the chemostat model

HH#:

chemostat <- new("odeModel”,
main = function(time, init, parms, inputs = NULL) {
with(as.list(c(init, parms)), {
mu <- vm * S/(km + S) # Monod equation
dx1 <-mu * X - D % X # cells, e.g. algae
dx2 <- D *(S0 - S) - 1/Y x mu *x X # substrate, e.g. phosphorus
list(c(dx1, dx2))

D
1
parms = c(
vm = 1.0, # max growth rate, 1/d
km = 2.0, # half saturation constant, mumol / L
Y =100, # cells /mumol Substrate
D =0.5, # dilution rate, 1/d
SO = 10 # substrate in inflow, mumol / L
),

times = c(from=0, to=40, by=.5),
init = c(X=10, S=10), # cells / L; Substrate umol / L
solver = "lsoda”

conway The Classical Coway’s Game of Life

Description

simecol example: This model simulates a deterministic cellular automaton.

Usage

data(conway)

Format

An S4 object according to the gridModel specification. The object contains the following slots:

main functions with the state transition rules.
parms A list with two vector elements:

srv number of neighbours, necessary to survive,
gen number of neighbours, necessary to generate a new cell.

times number of time steps to be simulated,

init matrix with the initial state of the cellular grid (default: random).
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Details

To see all details, please have a look into the implementation below.

References
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Gardner, Martin (1970) The Fantastic Combinations of John Conway’s New Solitaire Game ’Life.’
Scientific American, October 1970.

See Also

sim, parms, init, times.

Examples

HH#:

## Basic Usage:
##  explore the example

HH:

data(conway)
plot(sim(conway))

## more interesting start conditions
m <- matrix(0, 40, 40)

m[5:35, 19:21] <- 1

init(conway) <- m

plot(sim(conway), col=c("white”, "green"), axes

## change survival rules
parms(conway) <- list(srv = c(3,4), gen =

plot(sim(conway), col = c("white", "green"), axes

## Not run:

init(conway) <- matrix(0, 10, 10)
fixInit(conway) # enter some "1"
sim(conway, animate = TRUE, delay = 100)

HH#:

## Implementation:
##  The code of Conways Game of Life

HH#:

conway <- new("gridModel”,
main = function(time, init, parms) {
X <- init
nb <- eightneighbours(x)
surviv <- (x > 0 & (nb
gener <- (x == 0 & (nb
X <- (surviv + gener) > 0
return(x)
b
parms = list(srv = c(2, 3), gen = 3),
times 1:17,
init
solver = "iteration”

matrix(round(runif(1000)), ncol = 40),
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)

## End(Not run)

diffusion A Random Walk Particle Diffusion Model

Description

simecol example: This is a random walk (basic particle diffusion) model.

Usage

data(diffusion)

Format

An S4 object according to the rwalkModel specification. The object contains the following slots:

main A function with the movement rules for the particles.
parms A list with the following components:

ninds number of simulated particles,
speed speed of the particles,

area vector with 4 elements giving the coordinates (left, bottom, right, top) of the coordinate
system.

times Simulation time (discrete time steps, by-argument ignored).

init Data frame holding the start properties (Cartesian coordinates x and y and movement angle
a) of the particles.

Details

To see all details, please have a look into the implementation.

See Also

sim, parms, init, times.

Examples

HH#:

## Basic Usage:
##  explore the example

HH#:

## Not run:
data(diffusion)

## (1) minimal example
plot(sim(diffusion))
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## show "grid of environmental conditions”
image (inputs(diffusion))

## (2) scenario

#it with homogeneous environment (no "refuge” in the middle)
no_refuge <- diffusion # Cloning of the whole model object
inputs(no_refuge) <- matrix(1, 100, 100)

plot(sim(no_refuge))

=
=

Es

# Advanced Usage:
##  Assign a function to the observer-slot.

=
=

observer(diffusion) <- function(state, ...) {
## numerical output to the screen
cat("mean x=", mean(state$x),
", mean y=", mean(state$y),
", sd x=", sd(state$x),
", sd y=", sd(state$y), "\n")
## animation
par(mfrow=c(2,2))

plot(state$x, state$y, xlab="x", ylab="y", pch=16, col="red", xlim=c(0, 100))

hist(state$y)

hist(state$x)

## default case: return the state --> iteration stores it in "out”
state

sim(diffusion)

## remove the observer and restore original behavior
observer(diffusion) <- NULL
diffusion <- sim(diffusion)

## End(Not run)

HH#:
HH

## Implementation:

##  The code of the diffusion model.

## Note the use of the "initfunc"”-slot.

diffusion <- rwalkModel(

main = function(time, init, parms, inputs = NULL) {

speed <- parms$speed
xleft <- parms$areal1]
xright <- parms$areal[2]
ybottom <- parms$areal3]
ytop  <- parms$areal4]

x <- init$x # x coordinate

y <- init$y # y coordinate

a <- init$a # angle (in radians)
n <- length(a)

15
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## Rule 1: respect environment (grid as given in "inputs")
## 1a) identify location on "environmental 2D grid” for each individual
i.j <= array(c(pmax(1, ceiling(x)), pmax(1, ceiling(y))), dim=c(n, 2))

## 1b) speed dependend on "environmental conditions”
speed <- speed * inputs[i.j]

## Rule 2: Random Walk
a <- (a+ 2*pi/ runif(a))
dx <- speed * cos(a)
dy <- speed * sin(a)
<- x + dx
<-y + dy

## Rule 3: Wrap Around
x <- ifelse(x > xright, xleft, x)
y <- ifelse(y > ytop, ybottom, y)
x <- ifelse(x < xleft, xright, x)
y <- ifelse(y < ybottom, ytop, y)
data.frame(x=x, y=y, a=a)
1
times = c(from=0, to=100, by=1),
parms = list(ninds=50, speed = 1, area = c(0, 100, 0, 100)),
solver = "iteration",
initfunc = function(obj) {
ninds <- obj@parms$ninds
xleft <- obj@parms$areal1]
xright <- obj@parms$areal2]
ybottom <- obj@parms$areal3]
ytop <- obj@parms$areal[4]
obj@init <- data.frame(x = runif(ninds) * (xright - xleft) + xleft,
y = runif(ninds) x (ytop - ybottom) + ybottom,
a = runif(ninds) * 2 * pi)
inp <- matrix(1, nrow=100, ncol=100)
inp[, 45:55] <- 0.2
inputs(obj) <- inp
obj

eightneighbours Count Number of Neighbours in a Rectangular Cellular Grid.

Description

This function returns the sum of the eight neibours of a cell within a matrix. It can be used to
simulate simple cellular automata, e.g. Conway’s Game of Life.



fitOdeModel 17

Usage

eightneighbours(x)
eightneighbors(x)

Arguments
X The cellular grid, which typically contains integer values of zero (dead cell) or
one (living cell).
Value

A matrix with the same structure as x, but with the sum of the neighbouring cells of each cell.

See Also

seedfill, neighbours, conway

Examples

n <- 80; m<- 80

x <- matrix(rep(0, m*n), nrow = n)
x[round(runif (1500, 1, m*n))] <- 1
## uncomment this for another figure
#x[40, 20:60] <- 1

image(x, col=c("wheat"”, "grey"”, "red"))
X2 <- X
for (i in 2:10){

nb <- eightneighbours(x)

## survive with 2 or 3 neighbours
xsurv <- ifelse(x > 0 & (nb == 2 | nb ==3), 1, 0)

## generate for empty cells with 3 neigbours
xgen <- ifelse(x == 0 & nb == 3, 1, 0)

X <= ((xgen + xsurv)>0)
x2 <- ifelse(x2>1, 1, x2)
x2 <- ifelse(x>0, 2, x2)

image(x2, col=c("wheat”, "grey"”, "red"), add=TRUE)

fitOdeModel Parameter Fitting for odeModel Objects

Description

Fit parameters of odeModel objects to measured data.
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Usage
fitOdeModel (simObj, whichpar = names(parms(simObj)), obstime, yobs,
sd.yobs = as.numeric(lapply(yobs, sd)), initialize = TRUE,
weights = NULL, debuglevel = 0, fn = ssqOdeModel,
method = c(”Nelder-Mead”, "BFGS", "CG", "L-BFGS-B”, "SANN", "PORT"),
lower = -Inf, upper = Inf, scale.par =1,
control = list(), ...)
Arguments
simObj a valid object of class odeModel,
whichpar character vector with names of parameters which are to be optimized (subset of
parameter names of the simObj),
obstime vector with time steps for which observational data are available,
yobs data frame with observational data for all or a subset of state variables. Their
names must correspond exacly with existing names of state variables in the
odeModel,
sd.yobs vector of given standard deviations (or scale) for all observational variables
given in yobs. If no standard deviations (resp. scales) are given, these are
estimated from yobs,
initialize optional boolean value whether the simObj should be re-initialized after the as-
signment of new parameter values. This can be necessary in certain models to
assign consistent values to initial state variables if they depend on parameters.
weights optional weights to be used in the fitting process. See cost function (currently
only ssqOdeModel) for details.
debuglevel a positive number that specifies the amount of debugging information printed,
fn objective function, i.e. function that returns the quality criterium that is mini-
mized, defaults to ssqOdeModel,
method optimization method, see nlminb for the PORT algorithm and optim for all

other methods,

bounds of the parameters for method L-BFGS-B, see optim and for method
PORT see nlminb. The bounds are also respected by other optimizers by means
of an internal transformation of the parameter space (see p.constrain). In this
case, named vectors are required.

scaling of parameters for method PORT see nlminb. In many cases, automatic
scaling (scale.par = 1) does well, but sometimes (e.g. if parameter ranges
differ several orders of magnitude) manual adjustment is required. Often you get
a reasonable choice if you set scale.par = 1/upper. The parameter is ignored
by all other methods. For "Nelder-Mead”, "BFGS"”, "CG" and "SANN" parameter
scaling occurs as a side effect of parameter transformation with p.constrain.

a list of control parameters for optim resp. nlminb,

additional parameters passed to the solver method (e.g. to 1soda).
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Details

This function works currently only with odeModel objects where parms is a vector, not a list.

Note also that the control parameters of the PORT algorithm are different from the control parame-
ters of the other optimizers.
Value

A list with the optimized parameters and other information, see optim resp. nlminb for details.

Note

The interface to the PORT algorithm will change for future R versions.

References

Gay, D. M. (1990) Usage Summary for Selected Optimization Routines. Computing Science Tech-
nical Report No. 153. AT&T Bell Laboratories, Murray Hill, NJ. http://netlib.bell-1abs.
com/cm/cs/cstr/153. pdf

See Also

ssqOdeModel, optim
Note also that package FME function modF it has even more flexible means to fit model parameters.

Examples are given in the package vignettes.

Examples
## ======== ]oad examp]_e model =========
data(chemostat)

#source("chemostat.R")

## derive scenarios
cs1 <- c¢s2 <- chemostat

## generate some noisy data

parms(cs1)[c("vm", "km")] <- c(2, 10)

times(cs1) <- c(from=0, to=20, by=2)

yobs <- out(sim(cs1))

obstime <- yobs$time

yobs$time <- NULL

yobs$S <- yobs$S + rnorm(yobs$S, sd= 0.1 * sd(yobs$S))*2
yobs$X <- yobs$X + rnorm(yobs$X, sd= 0.1 * sd(yobs$X))

## time steps for simulation, either small for rk4 fixed step
# times(cs2)["by"] <- 0.1
# solver(cs2) <- "rk4"


http://netlib.bell-labs.com/cm/cs/cstr/153.pdf
http://netlib.bell-labs.com/cm/cs/cstr/153.pdf
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## or, faster: use lsoda and and return only required steps that are in the data
times(cs2) <- obstime
solver(cs2) <- "lsoda”

## Nelder-Mead (default)
whichpar <- c("vm", "km")

res <- fitOdeModel(cs2, whichpar=whichpar, obstime, yobs,
debuglevel=0,
control=list(trace=TRUE))

res$par
## assign fitted parameters to the model, i.e. as start values for next step
parms(cs2)[whichpar] <- res$par

## alternatively, L-BFGS-B (allows lower and upper bounds for parameters)
res <- fitOdeModel(cs2, whichpar=c(”"vm”, "km"), obstime, yobs,
debuglevel=0, fn = ssqOdeModel,
method = "L-BFGS-B"”, lower = 0,
control=list(trace=TRUE),
atol=1e-4, rtol=1e-4)

res$par

## alternative 2, transform parameters to constrain unconstrained method
## Note: lower and upper are *named* vectors
res <- fitOdeModel(cs2, whichpar=c("vm", "km"), obstime, yobs,
debuglevel=0, fn = ssgOdeModel,
method = "BFGS", lower = c(vm=0, km=0), upper=c(vm=4, km=20),
control=list(trace=TRUE),
atol=1e-4, rtol=1e-4)

res$par

## alternative 3a, use PORT algorithm
## Note: lower and upper are *named* vectors
parms(cs2)[whichpar] <- c(vm=1, km=2)

lower <- c(vm=0, km=0)
upper <- c(vm=4, km=20)

res <- fitOdeModel(cs2, whichpar=c("vm”, "km"), obstime, yobs,
debuglevel=0, fn = ssqOdeModel,
method = "PORT"”, lower = lower, upper = upper,
control=list(trace=TRUE),
atol=1e-4, rtol=1e-4)

res$par

## alternative 3b, PORT algorithm with manual parameter scaling
## Note: lower and upper are *named* vectors
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res <- fitOdeModel(cs2, whichpar=c("vm", "km"), obstime, yobs,
debuglevel=0, fn = ssgOdeModel,
method = "PORT”, lower = lower, upper = upper, scale.par = 1/upper,
control=list(trace=TRUE),
atol=1e-4, rtol=1e-4)

res$par

## set model parameters to fitted values and simulate again
parms(cs2)[whichpar] <- res$par

times(cs2) <- c(from=0, to=20, by=1)

ysim <- out(sim(cs2))

## plot results

par(mfrow=c(2,1))

plot(obstime, yobs$X, ylim = range(yobs$X, ysim$X))
lines(ysim$time, ysim$X, col="red")

plot(obstime, yobs$S, ylim= range(yobs$S, ysim$S))
lines(ysim$time, ysim$S, col="red")

fixParms Fix ‘parms’, ‘init’ or ‘times’ Slot of ‘simecol’ Objects

Description

The functions invoke an editor dialog for parameters, initial values or time steps of simObj ob-
jects and then assign the new (edited) version of x in the user’s workspace. A Tel/Tk version or
spreadsheet editor is displayed if possible, depending on the structure of the respective slot.

Usage
fixParms(x)
fixTimes(x)
fixInit(x)
Arguments

X A valid instance of the simObj class.

See Also

sEdit, simObj, parms, times, init, fix
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Examples

## Not run:

data(lv) # load basic Lotka-Volterra model
fixParms(1lv)

plot(sim(1lv))

data(conway) # Conway’s game of life
init(conway) <- matrix(0, 10, 10)
fixInit(conway) # enter some "1"
sim(conway, animate = TRUE, delay = 100)

## End(Not run)

fromtoby

fromtoby Create Regular Sequence from ’from-to-by’ Vector

Description

This function creates a sequence from named vectors with the names from, to and by.

Usage

fromtoby (times)

Arguments

times A named vector with the names from, to and by.

Details

Named vectors with from, to and by can be used in simecol to specify time steps.

Value

The appropriate vector with a sequence, generated by seq.

See Also

seq

Examples

times <- c(from=1, to=5, by=0.1)
fromtoby(times)
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initialize-methods Methods for Function ‘initialize’ in Package ‘simecol’

Description

This function is used to initialize objects derived from the simObj superclass, it is by default auto-
matically called during object creation and by sim.

Usage
## S4 method for signature ’simObj’
initialize(.Object, ...)

Arguments
.Object simObj instance which is to be re-initialized.

provided for compatibility with the default method of initialize, or slots of
the object which is to be created (in case of new).

Methods

.Object = ""ANY" Generic function: see new.
.Object = "'simObj" The initialize function is normally called implicitly by new to create new
objects. It may also be called explicitly to return a cloned and re-initialized object.

The simecol version of initialize provides an additonal mechanism to call a user specified
function provided in the initfun slot of a simObj instance that can perform computations
during the object creation process. The initfunc must have obj as its only argument and
must return the modified version of this obj, see examples below. As a side effect end to
ensure consistency, initialize clears outputs stored in slot out from former simulations.

See Also

simObj, new

Examples

## Note: new calls initialize and initialize calls initfunc(obj)
lv_efr <- new("odeModel”,

main = function (time, init, parms, ...) {
X <- init
p <- parms

S <- approxTimel(inputs, time, rule=2)["s.in"]
dx1 <= S x p["k1"] * x[1] - p["k2"] * x[1] * x[2]
dx2 <- - p["k3"] * x[2] + p["k2"] * x[1] * x[2]
list(c(dx1, dx2))

3

parms = c(k1=0.2, k2=0.2, k3=0.2),

times = c(from=0, to=100, by=0.5),
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iteration

init = c(prey=0.5, predator=1),
solver = "lsoda",
initfunc = function(obj) {
tt <- fromtoby(times(obj))
inputs(obj) <- as.matrix(data.frame(

time
s.in
)
obj
}

)

plot(sim(lv_efr))

plot(sim(lv_efr))

= tt,
= pmax(rnorm(tt, mean=1, sd=0.5), 0)

# initialize called automatically
# automatic initialization, different figure

lv_efr<- initialize(lv_efr) # re-initialize manually

plot(sim(lv_efr,

initialize = FALSE)) # simulation with that configuration

iteration

Discrete Simulation

Description

Solver function to

simulate discrete ecological (or other) dynamic models. It is normally called

indirectly from sim.

Usage
iteration(y, times=FALSE, func=FALSE, parms=FALSE, animate = FALSE, ...)
Arguments
y the initial values for the system. If y has a name attribute, the names will be
used to label the output matrix.
times times at which explicit estimates for y are desired. The first value in times must
be the initial time.
func a user-supplied function that computes the values of the next time step (not the

derivatives !!!) in the system (the model defininition) at time t. The user-supplied
function func must be called as: yprime = func(t, y, parms). tis the current
time point in the integration, y is the current estimate of the variables in the ode
system, and parms is a vector of parameters (which may have a names attribute,
desirable in a large system).

The return value of func should be a list, whose first element is a vector con-
taining the derivatives of y with respect to time, and whose second element is
a vector (possibly with a names attribute) of global values that are required at
each point in times.
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parms vector or list holding the parameters used in func that should be modifiable
without rewriting the function.

animate Animation during the simulation (if available for the specified class.

optional arguments passed to the plot function if animate=TRUE.

Details

The solver method iteration is used to simulate discrete event models. Normally, this function is
run indirectly from sim.

In contrast to differential equation solvers, the main function of the model must not return the first
derivative but instead and explicitly the new state at the specified times.

The actual value of time is available in the main function as time and the current increment as
parms["DELTAT"] or parms$DELTAT. It is element of a vector if parms is a vector and it is a list if
parms is a list.

If iteration is used for difference equations (see example dlogist below), it is mandatory to multi-
ply the incremental part with DELTAT to ensure that variable time steps are correctly respected and
that the first row of the simulation outputs contains the states at ¢.

The default i teration method of class simObj supports the observer mechanism. This means that
a function stored in slot observer is called during each iteration step with the return value of main
as its first argument. You can use this to control the amount of data stored during each iteration step
(e.g. whole population or only mean values for individual based models), to do run-time animation
or to write log files.

Value

A list of the model outputs (states ...) for each timestep.

See Also

sim, observer, parms, 1soda, rk4, euler.

Examples

data(conway)
## plot after simulation:
plot(sim(conway), delay=100)

## plot during simulation
sim(conway, animate=TRUE, delay=100)

## discrete version of logistic growth equation
## Note: function main returns the *new valuex*, not the derivative

dlogist <- new("odeModel”,
main = function (time, init, parms, ...) {
x <- init
with(as.list(parms), {
X <= x+r xx* (1 -x/K) * DELTAT
# *** add to old value rnaann special parameter with time step
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list(c(x))
»
1
parms = c(r=0.1, K=10),
times = seq(0, 100, 1),

init = c(population=0.1),
solver = "iteration” #!!!

)

plot(sim(dlogist))

## alternative with function that returns the derivative
## discrete steps are realized with the euler method

dlogist <- new("odeModel”,
main = function (time, init, parms, ...) {
X <- init
with(as.list(parms), {
Xx<-r*x=*x (1-x/K)
list(c(x))
»
3
parms = c(r=0.1, K=10),
times = seq(0, 100, 1),

init = c(population=0.1),
solver = "euler”
)
plot(sim(dlogist))
1istOrNULL-class Helpful Union Classes
Description

Classes representing either list or NULL (i.e. empty), function or NULL, function or character
vector, numeric vector or list, or list or data.frame.

Objects from the Class

These classes are virtual: No objects may be created from it.

Methods

No methods exist for these classes.

See Also

simObj



Iv 27

1v Lotka-Volterra Predator-Prey Model

Description

simecol example: basic Lotka-Volterra predator prey-model.

Usage
data(lv)

Format
An S4 object according to the odeModel specification. The object contains the following slots:
main Lotka-Volterra equations for predator and prey.

parms Vector with the named parameters of the model:

k1 growth rate of the prey population,
k2 encounter rate of predator and prey,
k3 death rate of the predator population.

times Simulation time and integration interval.

init Vector with start values for predator and prey.

Details

To see all details, please have a look into the implementation.

References

Lotka, A. J. 1925. Elements of physical biology. Williams and Wilkins, Baltimore.

Volterra, V. (1926). Variazionie fluttuazioni del numero d’individui in specie animali conviventi.
Mem. Acad.Lincei, 2, 31-113.

See Also

simecol-package, sim, parms, init, times.

Examples

HH#:

## Basic Usage:

##  explore the example
data(lv)

print(lv)

plot(sim(1lv))
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parms(lv) <- c(k1=0.5, k2=0.5, k3=0.5)
plot(sim(1lv))

HH#
H#
HH

## Implementation:
##  The code of the Lotka-Volterra-model
lv <- new("odeModel”,
main = function (time, init, parms) {
x <- init
p <- parms
dx1 <= pL"k1"] * x[1] - p["k2"] * x[1] = x[2]
dx2 <= - p["k3"] * x[2] + p["k2"] * x[1] * x[2]
list(c(dx1, dx2))
h
parms = c(k1=0.2, k2=0.2, k3=0.2),
times = c(from=0, to=100, by=0.5),

init = c(prey=0.5, predator=1),
solver = "rk4"
)
1v3 Lotka-Volterra-Type Model with Resource, Prey and Predator
Description

simecol example: predator prey-model with three equations: predator, prey and resource (e.g. nu-
triens, grassland).

Usage
data(lv3)

Format

A valid S4 object according to the odeModel specification. 