
6. Introduction to rule-based simulation 
 
Examples of processes which are studied by 
simulation on a computer: 
 

• growth and crown development of a plant 

• chemical reactions in a cell 

• population dynamics of competing tree species 

• foraging behaviour of ants 

• water flow in the soil 

• interception of photosynthetically-active 
radiation by a canopy 

• dynamics of traffic on a road network 

• economic decisions of traders on a market 

• ... 
 

Different formal systems, programming languages 
and software platforms are in use which support 
such simulations. 
 

As an example, we demonstrate the usage of 
graph-grammar rules in the language XL to 
simulate the 3-dimensional development of plants. 
 
XL = eXtended L-system language 
 

L-systems (Lindenmayer systems): 
rules working on character strings, 
named after the botanist  
Aristid Lindenmayer (1925-1989) 

 



 
 
An L-system mathematically: 
 

 
 

 



Example: 
 

 
 

 
 

For the interpretation:  turtle geometry 
 

 



  
 

 
 

 



 
 

 
 

 



Exercise: 
 

 
 

 
 

 



      
 

 
 
 
 

 



 
 
 
 

 



now we make the turtle-generated patterns 
dynamic 
 
Interpreted L-system: 
The alphabet of the L-system contains the turtle 
command language as a subset. 
 

 
 



also modelling of objects different from plants 
 

 
 

A simple plant with dichotomous branching: 
 

 



 

 

 



 
 
 

 
 



 
 

Example of a graph grammar rule: 
 

 
 

 



special variant of graph grammars: 
Relational growth grammars (RGG) 
 

- parallel application, same as for L-systems 
- attributed vertices and edges 
- vertex types with object hierarchy (a vertex type 
   can inherit properties from another vertex type) 
 
 

 
 
 
During execution of an XL program, there is one 
graph (represented in the computer memory) 
which is transformed by the rules 
 
- the nodes (vertices) of this graph are basically 
  Java objects 
  (they can also be geometrical objects) 



Example: 
rules for the fractal curve shown in Chapter 5 
 

 
 
 

 
 
 

 
Queries in the graph 
 

 
 



 
 
 

Example for modelling a "simple" plant: 
a daisy 
 

(following K. Smoleňová and R. Hemmerling) 
 

Steps shown here: 

 

 



Results of data / knowledge collection about daisy 
(Bellis perennis): 
 

 
 
 
Definitions of the parts of the virtual plant (restricted 

to the above-ground part): 
 

 
 
Definition of the corresponding parameters: 
 

 



How to assign a shape to a part? 
 

Two possibilities in XL: 

• by inheritance from a predefined geometrical 
object (using the keyword "extends") 

• by instantiation with one or more simpler 
objects (using the arrow "==>" in the module 

declaration) 
 

 
 

 
 



Derivation of the leaves at the base of the plant: 
 

 
 
Derivation of the stem: 
 

        
 



Derivation of the bracts: 
 

      
 
Derivation of the base of the inflorescence: 
 

      
 
Derivation of the white flowers: 
 

     



Derivation of the yellow flowers: 
 

    
 
Result so far: 
 

               
 
To obtain more visual realism, textures are needed. 



Sources for surface textures of plants: 
 

digital camera, scanner, existing images (from the 
web or from botanical books) 
 
 
Preparation of the textures: 

• adjust lighting 

• cut out, make background transparent 

• resize (avoid too memory-consuming textures) 
 
 
 
examples of prepared daisy textures: 
 

 
 
 
 
 
 



 
Import of textures into GroIMP: 
interactively 
 

 
 
 
 
Application to an object (here: a leaf): 
 

 
 
 



 
Result of texturing the virtual plant: 
 

           
 
 
Next steps: 
Adjustment of parameters, introduction of 
variability 
 

 
 



 
Result with stochastic variations: 
 

           
 
 
Deficiencies: 
The daisy model is purely structural (has no 
processes like photosynthesis, respiration, uptake 
of water and nutrients...); there is no dynamics 
(growth, unfolding of organs, senescence...). 
 
Next step would be: 
Creation of a functional-structural plant model 
(FSPM) with rules describing ontogenesis.



A simple functional-structural plant model in XL: 
see example file  sfspm09.gsz 

 
includes: 
- light emitted from a lamp 
- interception of light by the leaves of the plant 
- a submodel for photosynthesis 
- transport of assimilates along the plant axes 
- formation of new internodes and leaves 
- growth of the organs 
- flowering 
 
executable by GroIMP 



The software GroIMP 
 
GroIMP = "growth-grammar related interactive 
modelling platform" 
 

see  http://www.grogra.de, 
 

there you find also the link to the download site 
http://sourceforge.net/projects/groimp/ 

and a gallery of examples. 
 

See also the learning units about GroIMP  
(author: K. Petersen, M.Sc. Forest Science), 
available in StudIP. 
 
GroIMP is an open source project. It combines: 
 

- XL compiler and interpreter 
- a development environment for XL 
- an interactive 3-d modeller 
- several 3-d renderers 
- a 2-d graph visualization tool 
- an editor for 3-d objects and attributes 
- tools for texture generation 
- an interface for measured tree architecture data 
- a simulation tool for radiation in scenes 
- support for solving differential equations in a 
  numerically stable way (for submodels) 
- interfaces for data formats like dxf, obj, mtg, pdb 
- ... 
 
 
 



screenshot: 
 

 
 
 
example applications: 
 

 

virtual barley 
(Buck-Sorlin 2006) 
 



 
 

virtual Black Alder tree, generated with GroIMP, 
in a VRML scene (for Branitz Park Foundation, 
Cottbus; Rogge & Moschner 2007) 
 

 
 

This and next images: students' results from 
architecture seminar, BTU Cottbus 2007 



 
 

 



   
 

 



virtual landscape with beech-spruce mixed stand 
(Hemmerling et al. 2008) 
 

 
 

 


