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Abstract: Simulation of ecological systems represents more sophisticated analysis, which extends 
possibilities of standard research methods. In contrast to majority of computer languages available for 
calculation of dynamic models, spreadsheet models (TabSim-Table Simulation) offer to spend more effort 
on investigating the features of a dynamic system, rather than writing a program code. The program 
structures are replaced by table objects, which represent basic dynamic relations (integrations and time 
delays) and static relations (described by built-in functions and user functions). In addition to calculation of 
dynamic and static relations, the wide range of built-in graphs and graphic objects can be used for 
presentation of simulation results. The TabSim has been developed expressly for modelling systems 
described by time dependent, non-linear differential equations and transfer functions. Typical applications 
include energy transformation, chemical process representation, ecological relations and biomedical systems. 
The numerical solution is carried out by a number of algorithms. The basic level represents Runge-Kutta and 
Adams-Moulton algorithms with a variable step and order. Each structure of a numerical model can be 
solved directly by calculation of static functions inside a spreadsheet or transferred to an internal 
programming code. Simulation of dynamic models, preferentially of ecological systems, is demonstrated on a 
few examples that illustrate the process of development and solution. 
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1. INTRODUCTION 
 
A spate of definitions of simulation has been 
published since the late sixties. One of the most 
important factors, which raise the importance of 
simulation, is the progress in computer science. 
So definitions often include aspirations, which are 
limited by possibilities of computer equipment. 
Simulation is defined in the frame of modelling as 
a set of techniques that allow an examination of 
the dynamic behaviour of models. The models, 
mostly described by mathematical relations, 
represent abstract or hypothetical forms of real 
systems. The system by itself is considered to be a 
collection of components, which interact with 
each other, within defined boundaries, to produce 
a particular pattern of behaviour. The boundaries 
facilitate to separate the system from the rest of 
the universe, which contains all the components 
and interactions out of the defined resolution and 
focus. In the broadest range, models and their 
simulations take a number of forms. The abstract 
model based on mathematical relations can be 
divided into discrete or continuous forms, which 
are block or equation oriented, stochastic or 
deterministic, static or dynamic. 

If the model behaviour changes continuously and 
the output characteristics should be accessible at 
every instant time, the continuous form is used. 
On the other side the discrete model is required. 
The block-oriented forms correspond with the 
components of analog computers, which were 
used in early simulation works. Later, the 
methods of the model simulation by functional 
blocks were adopted in the frame of the new 
digital simulation software. Most of the well-
known simulation software packages still uses 
block-oriented descriptions of models (ACSL). 
The equation-oriented simulation is mostly 
developed on the basis of high-level computer 
programming languages. The model relations are 
included in lines of a programming code. An 
uncertainty of an observed behaviour of real 
systems is transferred into the stochastic or 
probabilistic modelling elements. If the 
uncertainties are of a little importance compared 
to the general behaviour of the model, the 
stochastic elements are removed. Then the models 
are treated as being deterministic. In general, 
simulation evaluates behaviour of models, which 
describe dynamic phenomena. The dynamic 
modelling can include static relationships, which 
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ignore the time dependence of dynamic 
phenomena. If all the dynamic relations are 
excluded, the model becomes static. This case 
covers the modelling of systems or processes that 
are in steady states. The above contrasting pairs of 
model characteristics specify various types of 
models and tools, which are necessary for their 
simulation [Bennett, 1995]. 
 
 
2. ECOLOGICAL MODELLING AND 
SIMULATION IN TABSIM 
 
Ecological modelling deals mostly with 
continuous models described by differential 
equations, either ordinary or partial. The solution 
of models comes into deterministic and dynamic 
forms, which can be block or equation oriented. 
The models can be extended by discrete and 
stochastic parts interacting together with 
continuous parts in combined simulation. The 
earliest programming tools were represented by a 
high-level programming language such as 
FORTRAN. Due to the syntax restrictions and the 
need of programming experience, academic and 
industry centres became the development of 
simulation languages, which are more procedural 
and free from restrictions of any high-level 
programming language. Their basic structure 
contains numeric integration routines, which 
represent the engine of continuous simulation, 
model description, data input/output modules and 
graphic tools for display simulation results. The 
next generations of personal computers with new 
generations of processors, graphic tools and 
storage equipment promote new ways of 
simulation. A number of offered simulation 
programs documents this situation (ACSL-
Graphic Modeller, MATLAB-Simulink, STELLA 
[Hannon et al., 1994]). 
 
 
2.1 Structure of Dynamic Models in TabSim 
 
The continuous dynamic models contain dynamic 
and static relations. The dynamic relations can be 
reduced into two basic phenomena, which are 
represented by integrations and time delays. The 
static relations contain all the mathematical 
expressions among model variables, which refer 
to the same actual time. The structure of the 
dynamic system illustrates figure 1. The general 
schema can be described by the sets of equations: 

( ) ( ) ( ) ( )[ ]
( ) ( )

( ) ( ) ( ) ( )[ ]ttttt
ttxtr

tttt
dt

t

Dijjij

,,,

,,,

urxgy

urxfdx

=

−=

=

 (1) 

where x and r represent state vector and delayed 
state vector, u and y are input/output vectors: 
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Figure 1. Structure of the dynamic model 

 
The vector f forms static functions that represent 
internal inputs of integrations. The vector g 
includes static functions that are used for 
conversion of state variables, delayed state 
variables and inputs. The dynamic functions are 
fixed in the integrator block and the time delay 
block. In general, the simulation run includes 
three separate stages, which represent an 
initialisation, a dynamic stage and a termination. 
The initialisation covers settings of initial 
conditions and model parameters. The simulation 
stage represents the main part of simulation, 
which covers all the calculation during the 
simulation period. The storage of data and the 
display of model behaviour include the 
termination. 
 
 
2.2 Structure of Spreadsheet Models in 
TabSim 
 
Spreadsheet programs have been used for a few 
years as standard software tools for calculation 
and economic prediction. They are accessible on 
nearly each personal computer. The data and 

355



calculation formulas are located in the cells, 
which are grouped into the tables. The TabSim 
has been developed to support this data structure 
and more over to enable full data transparency 
and to take in advantage a wide range of built-in 
functions and graphs. 

The basic structure represents a few tables, which 
contain dynamic relations: integrations, time 
delays, inputs and outputs. The input and output 
blocks serve for simulation studies as the data 
source and the data target. All the dynamic blocks 
are illustrated in figure 2. The integrations can be 
organized into the list or the grid. The grids are 
used for simulation of spatial dynamic models. 
The compartments of a model are located in the 
regular grids, which form layers. State variables-
xi, functions-fi on the right side of ordinary 
differential equations and initial conditions ixi are 
complemented by errors erri that are calculated as 
difference of the 1st order numerical method and 
the chosen numerical method. The time delays 
operate with data, which contain last values of 
model variables. In addition to the delayed state 
variables ri, actual state variables xi and time 
delays nDTi., the datai represent names of the 
ranges that contain delayed values. ki are the 
communication intervals for data writing and 
reading (expressed as the number of integration 
steps). The inputs and outputs of data are 
managed with two blocks. The datai represent 
names of the ranges that contain input or output 
data. ki are the communication intervals for 
reading or writing of data. ui contain the actual 
values of inputs. The values inside the 
communication intervals are estimated by the 
linear interpolation. yi contain the actual values of 
outputs, which are captured and stored in the 
specified ranges. All the static relations are 
developed by built-in functions that are included 
in the spreadsheet. More over, the users can 
develop their own functions in the environment of 
a spreadsheet’s macro language. 

The simulation is managed by the table, which 
includes basic simulation parameters (time period, 
integration step, numerical method), figure 3. The 
table can contain one more columns, which 
represent the individual simulations. The time 
period ni are expressed as numbers of integration 
steps dti. The TabSim includes a few of numerical 
algorithms nmi (Euler, Runge-Kutta the 2nd and 
the 4th order, Adams Moulton predictor-corrector 
the 2nd- 4th order). Other parameters form the 
estimates of errors of the numerical algorithms 
erri and numbers of the iterations iteri. The 
differences between the 1st order and the chosen 
numerical method are displayed according to the 
setting of the deviation (deviation = true). The 
start of simulation can be initialised by initial 

conditions (initialisation = true) or by the actual 
values of the state variables (initialisation = false). 
The TabSim20i, integi, gridi, delayi, inputi and 
outputi specify the locations of data in the 
environment of a spreadsheet. The TabSim can 
run one or more simulations at the same time. The 
time periods ni, the time steps dti and the 
numerical methods nmi can be changed during the 
simulation. 
 
Integrations (list) 

x fx ix error 
x1 fx1 ix1 err1 
x1 fx2 ix2 err2 
... ... ... ... 
xn fxn ixn errn 

Integrations (grid) 
states, functions, initial conditions 

x11 ... x1j ... x1n 
state variables 

xi1 ... xij ... xin 
... ... ... ... ... 

xm1 ... xmj ... xmn 
fx11 ... fx1j ... fx1n 

functions 
fxi1 ... fxij ... fxin 
... ... ... ... ... 

fxm1 ... fxmj ... fxmn 
ix11 ... ix1j ... ix1n 

initial conditions 
ixi1 ... ixij ... ixin 
... ... ... ... ... 

  ixm1 ... ixmj ... ixmn 
Time delays/weight-delays (list) 

r x data k Delay 
r1 x1 Column1 k1 nDT1/Column1 
r1 x2 Column2 k2 nDT2/Column2 
... ... ... ...   
rn xn Columnn kn nDTn/Columnn 

Inputs (list) 
data K u 

Column1 k1 u1 
Column2 k2 u2 

... ... ... 
Columnn kn un 

Outputs (list) 
data K y 

Column1 k1 y1 
Column2 k2 y2 

... ... ... 
Columnn kn yn 

 
Figure 2. The dynamic blocks in the TabSim 
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Simulation  
time   ti   
steps   ni   
step   dti   
method   nmi   
initialisation   true/false   
deviation   true/false   
error   erri   
iterations   iteri   
sheet   TabSim20i   
integration   integi   
grid-integration   gridi   
Delay   delayi   
weight-delay   wdelayi   
input   inputi   
output   outputi  

Figure 3. Simulation-setting the parameters 
 
 
2.3 Example 1: Simulation of the Modified 
Predator-Prey Model in the TabSim 
 
The models carried out by Lotka and Volterra 
have been used nearly for a century. Many 
extensions have been accepted to adjust the model 
outputs to the real systems. As an example, one of 
the models extended by time delays describes 
ordinary differential equations [Matějíček, 1994, 
1995]: 
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where x1 is the abundance of the prey, x2 is the 
abundance of the predator, a1, a2, c1, c2 are the 
parameters. The simulation of the model (3) is 
carried out in figure 4. The variables r1 and r2 
represent the delayed state variable x1 and x2. The 
relations are described by integration of delayed 
value, which are multiplyed by the weight 
coefficients w. The relations are realized in 
TabSim with the modified time delay block. The 
time dependent variables m1 and m2 include the 
migrations. All the data (initial values for the time 
delays with their weight coefficients, values of the 
inputs and outputs) are available in the blocks of 
data. The user can directly set the data and create 
the graphs. The models and their data structures 
can be managed through the user interfaces, forms 
that can include selected model parameters and 
output graphs. One of the user interfaces, which 
are developed in the spreadsheet to simplify the 

setting of the model parameters and outputs, are 
illustrated in figure 5. 
 

Figure 4. The structure of the modified predator-
prey model in the TabSim environment 

 
Annotations to figure 4: 
The table of simulation - time: the actual time of 
simulation; steps: the time period of simulation 
expressed in the number of the integration steps; 
step: the integration step; method: numeric 
method; init. (true): simulation is started with the 
initial values of the state variables; dev. (true): the 
relative errors are calculated; iterations: the 
number of iterations in some numerical methods; 
sheet: the name of the spreadsheet list, which 
contains the model; integr., tabdel., input and 
output: the names of the tables that contain 
individual TabSims’s blocks; 

The table of the integrations - x: state variables; 
fx: 

221122211
2
1111    ; mrrcxamxxcxbxa ++−+−− ; ix: 

the initial conditions; err: the relative errors. 

The table of the time delays - r: the delayed state 
variables; x: the actual state variables; data: the 
name of the tables with the last state variables; k: 
the communication interval in the tables; nDT: the 
name of the table with the weights coefficients. 

The table of the inputs - data: the name of the 
table with the inputs values; k: the communication 
interval; u: the actual values of the inputs; 

The table of the outputs – data: the name of the 
table with the outputs values; k: the 
communication interval; y: the actual values of 
the outputs. 

The bottom tables – n: time; delay1, delay2: the 
tables with the last state variables; w: the table 
with the weight coefficients; input1, input2: the 
tables with the input values; output1, output2: the 
tables with the output values. 

time 20 x fx ix err
steps 2000 13,46 4,50 20,00 0,0002
step 0,01 5,98 -1,41 2,50 0,0000
method 2
init. true r X data k nDT
dev. true 12,62 13,46 delay1 1 weights
error 0,01 6,28 5,98 delay2 1 weights
iter. 3
sheet TS20 data k u
integr. integ input1 20 10
tabgrid input2 20 -1
delay
tabdel. delay data k y
input input output1 20 13,463
output output output2 20 5,9823

n delay1 delay2 w n input1 input2 output1 output2
0,00 20,0 2,5 0,00 0,00 0,00 0,00 20,0 2,5
0,01 20,0 2,5 0,00 0,10 0,00 0,00 22,7 2,6
0,02 20,0 2,5 0,00 0,20 0,00 0,00 25,7 2,5
0,03 20,0 2,5 0,00 0,30 0,00 0,00 29,1 2,5
0,04 20,0 2,5 0,00 0,40 0,00 0,00 32,7 2,6
0,05 20,0 2,5 0,00 0,50 0,00 0,00 36,6 2,6
0,06 20,0 2,5 0,01 0,60 0,00 0,00 40,8 2,7
0,07 20,0 2,5 0,05 0,70 0,00 0,00 45,2 2,9

Block of Data
0; 0,01; …; 1

Block of Data
0; 0,1; …; 10
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a1 1,000
a2 0,500 xi1
c1 0,100 20
c2 0,020 xi2
b1 0,005 2,5

x1

Time period 20,000 20
Time 0,000 x2
Time step 0,010 2,5

Parameters:

Simulation:

Initial
 coditions

0,0

2,0

4,0

6,0

8,0

10,0

12,0

14,0

16,0

18,0

20,0

0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0

x1

x2

0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

80,0

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101

time

x1
,x

2

Population Ecology: Predator-Prey with time delayed variables
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Figure 5. The user interface of the modified 

predator-prey model in the TabSim 
 
 
2.4 Example 2: Simulation of the Population 
Model Described by Logistic Growth with 
Passive Diffusion and Advection 
 
As an example, the standard model of the 
population logistic growth is extended by 
diffusion and advection phenomena [Okubo, 
1980]. The model can be described by the partial 
differential equation: 
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The solution of the equation has to be translated 
to the discrete formula, which can be calculated 
by the TabSim. The translation represents the 
discrete modification of the diffusion and 
advection part of the equation (4): 
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where the Si,j is the abundance of species in the 
cell, which is in the ith row and in the jth column. 

ri,j represent the growth ratios. Ki,j are the 
capacities of species in the specified cells. Di,j and 
vi,j are diffusion and advection parameters. The 
constant h represents the distance between 
neighbour cells. The simulation of the modified 
model (5) is illustrated in figure 6. The grids on 
the right side contain consecutively state values, 
functions and initial conditions. The following 
tables below include the corresponding 
parameters of the model (growths, capacities, 
diffusions, advections). The initial abundance in 
each cell is set to1000 individuals, which is the 
capacity. To examine the model, the initial 
abundance in the middle of the range is changed 
to 3000 individuals. 
 
time 1 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
steps 100 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
step 0,01 h 1 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
method 2 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
init. true 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
dev. false 1000 1000 1000 1000 1000 1000 1001 1001 1002 1002 1001 1001 1000 1000 1000 1000 1000 1000 1000 1000 1000
error 0,01 1000 1000 1000 1000 1000 1001 1002 1005 1008 1008 1005 1002 1001 1000 1000 1000 1000 1000 1000 1000 1000
iter. 3 1000 1000 1000 1000 1001 1002 1007 1015 1024 1026 1016 1007 1002 1000 1000 1000 1000 1000 1000 1000 1000
sheet TS20 1000 1000 1000 1000 1002 1005 1015 1034 1054 1058 1037 1015 1005 1001 1000 1000 1000 1000 1000 1000 1000
integr. 1000 1000 1000 1001 1002 1008 1022 1048 1077 1082 1052 1022 1007 1002 1000 1000 1000 1000 1000 1000 1000
tabgrid grid 1000 1000 1000 1000 1002 1005 1015 1034 1054 1058 1037 1015 1005 1001 1000 1000 1000 1000 1000 1000 1000
delay 1000 1000 1000 1000 1001 1002 1007 1015 1024 1026 1016 1007 1002 1000 1000 1000 1000 1000 1000 1000 1000
tabdel. 1000 1000 1000 1000 1000 1001 1002 1005 1008 1008 1005 1002 1001 1000 1000 1000 1000 1000 1000 1000 1000
input 1000 1000 1000 1000 1000 1000 1001 1001 1002 1002 1001 1001 1000 1000 1000 1000 1000 1000 1000 1000 1000
output output 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
data k y 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

output1 1 1077 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
output2 1 1082 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
output3 1 1052 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
n output1 output2 output3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0,00 1000,0 3000,0 1000,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0,10 1028,3 2884,7 1018,9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0,20 1053,7 2777,9 1035,8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0,30 1076,3 2678,8 1050,9 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0
0,40 1096,5 2586,8 1064,3 0 0 0 0 0 1 2 3 3 2 2 1 0 0 0 0 0 0 0 0 0
0,50 1114,4 2501,3 1076,3 0 0 0 0 1 2 4 6 5 2 3 3 1 0 0 0 0 0 0 0 0
0,60 1130,3 2421,8 1086,9 0 0 0 1 2 5 8 7 -5 -14 -3 3 3 1 0 0 0 0 0 0 0
0,70 1144,3 2347,6 1096,3 0 0 0 1 4 8 8 -10 -52 -75 -35 -4 2 2 0 0 0 0 0 0 0
0,80 1156,6 2278,5 1104,5 0 0 0 2 4 7 1 -36 -108 -143 -72 -16 0 1 1 0 0 0 0 0 0
0,90 1167,4 2213,9 1111,7 0 0 0 1 4 8 8 -10 -52 -75 -35 -4 2 2 0 0 0 0 0 0 0
1,00 1176,9 2153,5 1118,0 0 0 0 1 2 5 8 7 -5 -14 -3 3 3 1 0 0 0 0 0 0 0
1,10 1185,0 2097,0 1123,5 0 0 0 0 1 2 4 6 5 2 3 3 1 0 0 0 0 0 0 0 0
1,20 1192,1 2044,1 1128,2 0 0 0 0 0 1 2 3 3 2 2 1 0 0 0 0 0 0 0 0 0
1,30 1198,1 1994,5 1132,3 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0
1,40 1203,1 1948,0 1135,7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1,50 1207,4 1904,3 1138,5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1,60 1210,8 1863,3 1140,9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1,70 1213,6 1824,7 1142,8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1,80 1215,8 1788,3 1144,2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1,90 1217,4 1754,1 1145,3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2,00 1218,5 1721,8 1146,1 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
2,10 1219,1 1691,3 1146,6 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
2,20 1219,4 1662,6 1146,7 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
2,30 1219,2 1635,4 1146,7 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
2,40 1218,8 1609,7 1146,4 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
2,50 1218,1 1585,4 1146,0 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
2,60 1217,1 1562,4 1145,3 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
2,70 1215,8 1540,6 1144,5 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
2,80 1214,4 1520,0 1143,6 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
2,90 1212,8 1500,4 1142,6 1000 1000 1000 1000 1000 1000 1000 1000 1000 3000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
3,00 1211,1 1481,8 1141,4 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
3,10 1209,2 1464,1 1140,2 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
3,20 1207,2 1447,3 1138,8 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
3,30 1205,0 1431,4 1137,4 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
3,40 1202,8 1416,2 1136,0 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
3,50 1200,6 1401,7 1134,5 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
3,60 1198,2 1388,0 1132,9 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
3,70 1195,8 1374,9 1131,3 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
3,80 1193,4 1362,4 1129,7 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
3,90 1190,9 1350,4 1128,0 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
4,00 1188,4 1339,0 1126,4 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
4,10 1185,9 1328,2 1124,7 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
4,20 1183,3 1317,8 1123,0 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
4,30 1180,8 1307,9 1121,3 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
4,40 1178,2 1298,4 1119,6 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
4,50 1175,7 1289,3 1117,9 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
4,60 1173,2 1280,6 1116,2 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
4,70 1170,6 1272,2 1114,6 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
4,80 1168,1 1264,2 1112,9 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
4,90 1165,6 1256,6 1111,2 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
5,00 1163,2 1249,2 1109,6 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
5,10 1160,7 1242,2 1107,9 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
5,20 1158,3 1235,4 1106,3 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
5,30 1155,9 1228,9 1104,7 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
5,40 1153,5 1222,7 1103,1 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
5,50 1151,1 1216,7 1101,5 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
5,60 1148,8 1210,9 1100,0 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
5,70 1146,5 1205,4 1098,4 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
5,80 1144,3 1200,0 1096,9 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
5,90 1142,1 1194,9 1095,4 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
6,00 1139,9 1190,0 1094,0 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
6,10 1137,7 1185,2 1092,5 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
6,20 1135,6 1180,6 1091,1 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
6,30 1133,5 1176,1 1089,7 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
6,40 1131,4 1171,9 1088,3 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
6,50 1129,4 1167,7 1087,0 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
6,60 1127,4 1163,8 1085,6 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
6,70 1125,4 1159,9 1084,3 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
6,80 1123,5 1156,2 1083,0 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
6,90 1121,6 1152,6 1081,7 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
7,00 1119,7 1149,1 1080,5 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
7,10 1117,9 1145,8 1079,2 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
7,20 1116,1 1142,5 1078,0 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
7,30 1114,3 1139,4 1076,9 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
7,40 1112,6 1136,3 1075,7 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
7,50 1110,9 1133,4 1074,5 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
7,60 1109,2 1130,5 1073,4 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
7,70 1107,6 1127,7 1072,3 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
7,80 1105,9 1125,1 1071,2 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
7,90 1104,4 1122,5 1070,2 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
8,00 1102,8 1119,9 1069,1 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
8,10 1101,3 1117,5 1068,1 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
8,20 1099,8 1115,1 1067,1 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
8,30 1098,3 1112,8 1066,1 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
8,40 1096,8 1110,6 1065,1 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
8,50 1095,4 1108,4 1064,1 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
8,60 1094,0 1106,3 1063,2 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
8,70 1092,6 1104,2 1062,3 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
8,80 1091,3 1102,2 1061,4 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
8,90 1090,0 1100,3 1060,5 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
9,00 1088,7 1098,4 1059,6 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
9,10 1087,4 1096,6 1058,7 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
9,20 1086,1 1094,8 1057,9 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
9,30 1084,9 1093,0 1057,1 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
9,40 1083,7 1091,4 1056,3 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
9,50 1082,5 1089,7 1055,5 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
9,60 1081,3 1088,1 1054,7 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
9,70 1080,2 1086,5 1053,9 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
9,80 1079,1 1085,0 1053,2 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
9,90 1078,0 1083,5 1052,4 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00

10,00 1076,9 1082,1 1051,7 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
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Figure 6. Simulation of the logistic population 
growth with the passive diffusion and advection 
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Annotations to the model implementation 
(figure 6): 
The table of simulation: time, steps, step, method, 
init., dev., error, iter. and sheet are similar to the 
parameters in the model in figure 4.; tabgrid and 
output: the names of the tables that contain 
individual TabSims’s blocks; 

The table of the grid integrations - the integrations 
are located in the upper tables on the right side 
(the state variables, the functions and the initial 
conditions); 

The table of the outputs - the outputs are located 
on the left side. 

The output of the simulation is illustrated in 
figure 7. The upper graph represents final 
abundance in each cell of the range. The bottom 
graph contains the time changes of the 
abundances in the middle cell and the two 
neighbour cells (marked in figure 6). The 
simulation of the logistic growth with passive 
diffusion and advection represents one of the 
demonstration versions. The real simulation can 
be enlarged and complemented by other dynamic 
and static relations. The static relations can be 
built-in or user functions. In this case, the user 
manages the simulation directly. Also the user 
interface can be built to simplify management of 
the model. The more complex the model the less 
the efficiency of the calculation in the 
environment of the TabSim. The improvement 
can produce calculations of the model in the 
compiled modules or the standalone applications. 
On the opposite side this way usually decreases 
flexibility of simulation [Matějíček, 2000]. 
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Figure 7. The output of the logistic growth with 

the passive diffusion and advection 
 

 
3. CONCLUSIONS 
 
There is a number of simulation systems on the 
market, which include sophisticated numerical 
algorithms and can solve ecological models. In 
spite of this, the TabSim has been developed to 
simplify the model definition and data 
management. Because the spreadsheets represent 
known and popular environment for data 
processing, the user can concentrate more on 
simulation and validation of the model. All the 
input and output data together with graphs and 
comments can be saved in the standard way of the 
spreadsheet processors. The previous examples 
demonstrate simulations of elementary problems, 
which are use to be extended by other interactions 
and phenomena. In spite of the TabSim can be 
used for simulation of large models with the 
limits of the spreadsheet, the efficiency of 
calculation depends on computer equipment. 
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